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APPENDICES 


SUMMARY 

This report describes the design and conduct of an_ historical 
prospective morbidity survey-of a cohort of residents living adjacent to the 
Upper Ottawa Street Landfill Site in Hamilton, Ontario. The objectives of 
the research were to determine whether there were excesses of certain adult, 
child, and maternal-child health problems among these residents; to assess 
the likelihood of a causative relationship between any excess health problems 
and exposure to the landfill site; to assess whether such health problems 
might continue to affect residents' well-being since closure of the landfill; 
and to provide a basis for any recommendations to the Committee regarding 
further medical follow-up. The study involved an interviewer administered 
health questionnaire, followed by assessment of recall bias through medical 
chart abstraction. Data were analyzed for strength of association; 
consistency with the workers' study; risk gradient by duration of residence 
and proximity to the landfill; risk occurring first when the landfill was open; 
evidence that less healthy people moved to the area; specificity; and the 
absence of recall bias. Two crucial questions needed answering in relation 


to the time period when the landfill site was open: 


ie Was any association between landfill site exposure and increased rates 
of various health problems a valid one? 
Ze What was the likelihood that such a valid association was caused by 


chemical exposures from the site? 


The above mentioned criteria were largely fulfilled in relation to 
certain "narcotic" (i.e., pertaining to the central nervous system) "mood", 
"skin", and "respiratory" conditions among adults. They were partially 
fulfilled with respect to "red, itchy eyes". Among children, the applicable 
criteria were largely fulfilled for "narcotic", "skin", "mood", and "red, itchy 
eyes". However, the strength of evidence for valid associations between 
residents adjacent to the landfill and these conditions is reduced by three 
principal problems. These are: the high refusal rate among the control 
population; socioeconomic status differences between the study groups; and 
the fact that the conditions found in excess are imprecisely defined and 


potentially interchangeable with other conditions. Offsetting these problems 
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are the multiple criteria used to assess the hypotheses, which were identified 


and evaluated according to preset rules. 


In summary, the associations between residence adjacent to the landfill 


site and the specified health problems appear to be valid. The problem, 


however, is that the causative agent or agents have not been identified. Two 


competing causes may be proposed: 


Ne 


some airborne contact with a combination of vapours, fumes, and 
particulate matter emanating from the landfill site, and with 
direct skin exposure from recreational activities in and around the 
landfill. 


the perception of exposure and, therefore, of risk may have led 
to an increased tendency on the part of exposed residents to 
notice new health problems, become concerned about them and 


subsequently report them in a health survey. 


During the course of this study, indirect evidence accumulated which 


supports each possible causal mechanism. Six lines of reasoning support a 


chemical mechanism: 


Le 


The gradient of risk by proximity to the landfill site and duration 
of residence would be difficult to explain on the basis of 
perception of risk alone. 

The symptoms and the organ systems affected were biologically 
plausible on the basis of exposure to substances known to be 
present in the landfill. 

The consistency of symptoms between workers and residents, 
despite lack of social contact between them and differing 


attitudes to potential for risk expressed by members of the two 


groups. 
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The fact that the conditions found in excess in our study were 
much different from those found in excess on the residents! 
Original health survey. 

The absence of- evidence of recall bias on medical chart 
abstraction. 

The fact that the conditions which developed during the period 
when the landfill! was open are disappearing at a similar rate 
among exposed residents and controls suggest an absence of 


"learned illness" behaviour. 


By contrast, there are four lines of reasoning which strengthen the case 


for a perceptual mechanism: 


Me 


An absence of evidence that residents and workers were exposed 
to airborne concentrations of the substances of interest sufficient 
to cause health problems found in excess. 

The health problems found in excess in this study could 
theoretically be explained by behavioural mechanisms. 

Those problems which affect the valdity of the associations 
themselves (e.g., refusal rate of controls and differences in 
socioeconomic status between the study groups) could also 
influence perceptual and behavioural factors that affect one's 
experience and recall! of symptoms. 

Some subanalyses comparing patterns of health problem reports 
between migrators from the landfill area and non-migrators may 
be mor? easily explained by perception of exposure to chemical 
emissions than by exposure itself. However, there are alternate 
explanations that also need to be considered and these are 


outlined in the text of this report. 


It is likely that both mechanisms contributed to the association between 


landfill site exposure and the health problems found in excess in this study. It 


is the opinion of the authors of this report that the factors supporting 
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chemical causation cannot be ruled out on the basis of this study and appear 
to us to be more convincing than those which Support a _ perceptual 


mechanism. 


This study did produce some important negative findings. There was no 
evidence of adverse reproductive outcomes related to exposure to the landfill 
site. There was no evidence of increases in major chronic diseases among 
exposed residents. Also, there is no convincing evidence that exposure to the 
landfill site after it was closed and capped has led to health problems. 
Because of the short follow-up time this study cannot address the question of 
cancer risks. Ths would require a follow-up of the cohort of exposed 
residents over the next 10 to 20 years to assess their cancer experience 


through incidence and mortality registries. 
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I. 


INTRODUCTION 


This report describes the design and conduct of an_ historical 
prospective morbidity survey of residents living adjacent to the Upper 
Ottawa Street Landfill Site in Hamilton, Ontario. The study compared the 
self-reported health histories of those living within 750 metres of the landfill 
site between 1976 and 1984 with residents of another Hamilton community 
matched by dwelling size and type, construction dates, and property resale 
values. The health histories were validated by medical chart abstraction of a 
sample of the health problems from the questionnaire. The sample of 
exposed residents was divided into three subgroups: (1) those who lived near 
the site during peak years of waste disposal (1976-1980) and still lived there 
at the time of the interview; (2) those who lived there during the time of 
peak disposal but subsequently moved; and (3) those who moved in after 
disposal ceased. The first subgroup was further divided by proximity of 
residence to the landfill (250 to 500 metres from the dumpface, and 500 to 
750 metres from the dumpface), and duration of residence adjacent to the 
site during the peak disposal period (three or more years, one-to-three years). 
These subgroups formed the bases for sampling and analyses of the health 


survey. 
The objectives of this research were: 


l. to determine whether the incidence rates of certain adult, child, and 
maternal-child health problems were greater among the present and 
former residents living near the landfill than among a control 


population, 


2 to assess the likelihood of a causative relationship between any health 


problems found in excess among the residents and their exposure to the 


landfill site, 
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to assess whether or not any health problems found in excess among the 
exposed residents would likely continue to affect their well-being over 


time, 


to provide a basis for any recommendations to the Committee regarding 
the feasibility, validity, and efficiency of any strategies for medical 
evaluation or long-term monitoring of the exposed populations (worker 


or resident). 
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BACKGROUND 


The Upper Ottawa Street Landfill Site is located near the slope of the 
Niagara Escarpment in Hamilton, Ontario (Figure 1). It began as a rural 
quarry dumpsite in the 1950s, situated on a permeable fractured bedrock of 
dolomite, shale, siltstone, and limestone. Now it is a 90 foot high mound 
covering about 40 acres. The site is bordered on the north side by the Red 
Hill Creek. To the east is a conservation area, and a light industrial park is 
located across the street on the south side. (Figure 2). Throughout the 1950s 
and 1960s, a small collection of houses was found along Stonechurch Road, 
within 750 metres south of the dumpface. By the late 1970s, these had been 
largely removed, to make way for light industrial development. Development 
of large residential areas to the west, north, and northeast of the site began 
in the early 1970s and continued into the early 1980s. These consisted of 
single detached dwellings and townhouses which were built as close as 250 
metres from the dumpface. Most of the study population are inhabitants of 


this area. 


From the early 1950s until it was closed in 1980, the Upper Ottawa 
Street Landfill Site received a large variety of domestic and commercial 
waste as well as solid and liquid industrial wastes. ! By the mid-1960s, as 
much as five truck loads a day of industrial waste was being received by the 
landfill. However, the annual tonnage increased markedly during the 1970s. 
Available records suggest that approximately 225,000 gallons of liquid wastes 
were disposed of in the site in 1970. It would appear that larger volumes of 
liquid waste began entering the landfill in 1976 with the opening of a 
solidification operation. According to records, the largest volumes of liquid 
wastes appear to have been disposed of during 1978: approximately 8 to 12 
million gallons.2 The site was closed to landfilling in 1980. Between 
November 1980 and June 1981, it was covered by a layer of steel industry 
wastes, ranging from a depth of up to 20 feet on the flat top of the landfill to 


only a few feet on the steep slopes. This was then covered with a thin clay 
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Figure 1 - LOCATION OF THE UPPER OTTAWA STREET LANDFILL 
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While the site was active, the residents had three sources of potential 


exposure to landfill site emissions. 


1. Airborne exposure to vapours, fumes, dusts, and ash may have resulted 
from open air release of volatile substances and solid industrial residues 


at the landfill, as well as from open-air burning. 


2. Airborne deposition of landfill site emissions on residential properties 
left open the possibility of contact through soil, window cleaning or 


other domestic activities. 


3. Use of parkland areas adjacent to the Red Hill Creek, and use of the 
Red Hill Creek itself, left open the potential for recreational contact 


with site, emissions. 


The possibility of adverse health effects resulting from exposure to the 
Upper Ottawa Street Landfill Site was raised publicly in 1978,2 when 
residents of the adjacent subdivision began to draw parallels between the 
Love Canal experience and their own. In 1979, an informal survey of health 
effects among a small group of resident households was carried out by some 
of the organizers of the residents' group.* (see Appendix A). It was suggested 
that there were excesses of sore throats, colds, headaches, earaches, 
"bleeding" and "kidney problems" among the residents when compared to a 
control survey. These results received widespread criticism as being 
unscientific because of the way in which the survey was conducted and the 
enormous potential for bias intrinsic to a special interest group studying 


itself. 


In October, 1980, the Ministry of Health announced that it would fund 
an investigation of the Upper Ottawa Street Landfill Site, as requested by the 
Regional Municipality of Hamilton-Wentworth.? An Upper Ottawa Street 
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Landfill Site Study Committee was established with three terms of reference. 


These included: 


I. To investigate the validity of studying, and as appropriate, to 


recommend to the Ministry of Health that studies be undertaken on: 


(a) the chemical nature of the materials deposited in the landfill site 


and their changes in that environment; 
(b) the migration of chemical substances away from the area; 


and to consider the findings of any such studies. 


2. To advise the Minister as to the Committee's findings and as to the 
possible existence at or about the landfill site of a hazard to human 


health. 


3. To consider such other matters brought out in the course of the 
Committee's activities which the Committee deems relevant to the 


terms of reference.© 


The Committee began its investigation in April of 1981 by formulating 


a sequential study approach. This consisted of efforts to: 


1. determine from records what was buried in the landfill itself, 
2. examine the environment around the landfill for chemicals, and 
3. examine the health of workers and residents to determine what ill 


health effects, if any, might be attributable to exposure to landfill 


chemicals. 


The Committee recognized that the investigation was the first of its kind in 
Ontario and would be viewed as a prototype with application to problems at 


other landfills in the future. 
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The Committee and its Advisory Health Group decided that a health 
study of landfill workers should precede the residents' health study. The 


reasons for this were: 


1. The workers represented a potentially high dose exposure subgroup, and 
might therefore be particularly vulnerable to any potential health 


impact associated with exposure to the landfill. 


2. Apparent increases in specific morbidity found in a workers' study could 
receive special attention in the residents' study, thereby reducing the 
multiple comparisons problem inherent in the analysis of a general 


morbidity survey. 


3. Consistent results from two separate health surveys with different 
designs might be more credible than one study which tried to combine 


workers and residents in one protocol. 


The Committee proceeded with the worker health study, recognizing 
that it would not be straightforward. There was a paucity of scientific 
papers in the refereed literature concerning the methodology and conduct of 
similar studies at other landfill sites. The complex toxicological nature of 
the landfill and the subjective nature of the residents' initial complaints made 
it difficult to identify a short list of health problems of particular interest. 
There were great opportunities for bias due to the complex political nature of 
the problem. But none of these difficulties precluded the design and 
execution of a study which could indicate the possible existence of human 


health hazards at or about the landfill. 


By the time the residents’ study was being designed, certain additional 


problems came into focus: 


1. The nature and intensity of chemical exposures among the residents 


could not be reliably reconstructed through a multidisciplinary 
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evaluation including botanic, hydrogeological, geophysical, engineering, 
and chemical toxicologic studies. However, by the time of completion 
of this study, a variety of compounds had been identified in the landfill 
which were known respiratory irritants, neurotoxins, and skin 


irritants/sensitizers in the industrial context. (See Appendix B). 


2. The identification and follow-up of the residential population was 
complicated by a high rate of in and out migration from the housing 


developments adjacent to the landfill site. 


3. Some of the health problems of concern, in particular those related to 
birth defects, were expected to be too uncommon for adequate study 
power to be achieved among a population living sufficiently close to the 


landfill site to be deemed "exposed". 


Table 1 shows the health problems found in excess among the landfill 
site workers, compared with unexposed controls. These form the hypothesis 
base for the residents' study. The credibility of each hypothesis from the 
workers! study is rated "high", "moderate", or "low" depending upon whether 
the association between landfill exposure and the health problem met the 
criteria specified in the table. Those associations with "high" and "moderate" 
credibility served as the main hypotheses to be tested by the adult portion of 
the residents' health survey. Because of differences in the format of the 
residents' and workers' study questionnaires, the nine high and moderate 
credibility associations (Table 1) corresponded to 19 individual health 
problem hypotheses and four organ-system group hypotheses in the residents' 
study (Table 2). In addition, three other groups of conditions were identified 
as hypotheses based either on the residents! original health survey (Appendix 

B), or the opportunity to study congenital and childhood effects. These 


include: 


i Among children: the same respiratory, skin, narcotic, and mood 


conditions as identified for the adults (Table 2). 
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Table 2: Correspondence between Workers’ Study Conditions and Residents’ Study Hypotheses 


Conditions Found in Excess Health Problems Eligible for 
Among Exposed Workers Hypothesis-testing in Residents’ Study 
1. Chronic Bronchitis (a) Attacks of bronchitis 


(b) Chronic bronchitis 


eS 
2. Difficulty breathing . (c) Shortness of breath 


ee SSFSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSs 


3. Daily cough (d) Cough and phlegm 


— SFSFSSSSSSSSSSSSMmmmMseFeFeFFFssSSSSSSSSSSSsSsSSSSSsSsS— 


4. Combined bronchitis,emphysema, (e) Combined (a) to (d) 
difficulty breathing, daily cough 


eee 
5. Skin rash (a) Recurrent or severe problems 
with skin rashes or hives 


—_---—————————————— — SSS 


6. Combined skin rash, unusual acne Recurrent or severe problems with 


(b) ... scaly, dry, or itchy skin 
(c) ... unusual acne 

(d) ... boils, warts, cycsts 

(e) White or dark patches on the skin 
Combined (a) to (e) 


-_eee ESSE 


7. Combined headaches, dizziness (a) frequent or severe headaches 
lethargy, balance problems (b) frequent dizziness or blurred vision 
(Narcotic Symptoms) (c) constant fatique, lethargy, drowsiness 


(d) problems with balance, co-ordinations, 


reaction time, clumsiness 
- Combined (a) to (d) 


ee 


8. Combined anxiety, depression, (a) trouble sleeping 
trouble sleeping, irritability, (b) frequent feelings of anxiety or 
restlessness : depression 
(Mood Symptoms) (c) frequent feelings of irritability 


(d) frequent feelings of hyperactivity, 


restlessness, trouble sitting still 
(e) learning or memory disorders 
_Combined (a) to (e) 


: : 


9. Muscle Weakness Muscie Weakness 
(arms & legs) (arms, legs, hands, feet) 
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2. Among children and adults: 

hayfever 
asthma 
5 or more colds a year 

- wheezy or whistling chest for most days or nights throughout the 
year 

- nosebleeds (not from injury) 
unusual nose irritation or nasal discharge 

. throat infections 

- prolonged, irritated, sore throat 

- red, itchy, watery, sore, dry or inflamed eyes 

- numbness, tingling, prickling or loss of sensation on: 
legs or feet 


arms or hands 
3. Among adult females: adverse reproductive outcomes. 


The residents' study is meant to be an hypothesis-testing study. The 
results of the workers' study and the sampling strategy allow us to evaluate 
hypotheses for consistency, strength of association, dose-response gradient by 
proximity to the landfill site and duration of residence, and potential for 


migrator or recall biases. 


The health problem hypotheses from the workers' study and those 
identified’on other grounds were meant to be handled separately in the 
analysis and conclusion-drawing phases of this study. The presumption is that 
hypotheses derived from an_ hypothesis-generating study (ie. from the 
workers' study) have a higher pre-study probability of being causative than 
others derived in less rigourous ways. By analogy between epidemiologic 
| study and diagnostic testing, evidence of a "positive" outcome related to an 


hypothesis generated from the workers' study should also mean a higher post- 
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test probability of causation than a "positive" outcome related to an 
hypothesis from a less rigourous source. Thus the main analysis of this study 
was based on the hypotheses from the workers' study, and the other 


hypotheses were given secondary consideration ("secondary hypotheses"). 
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Il, LITERATURE REVIEW 


The morbidity survey, based on self-reports of individuals living and working 
near a point source of mixed industrial waste, has become an important element in 
the investigation of the health status of exposed populations./1359 In Toronto, 
Spitzer et al!0 compared the health status of residents living in the Junction 
Triangle neighbourhood (a heavily industrial area) with a control neighbourhood 
from the same city. The investigators gathered information about a series of 
cardinal symptoms thought to be especially relevant to the type of exposure 
experienced by residents of the Triangle in addition to information about general 
health status, including recent conditions, chronic health problems, activity 


limitations, and health care utilization. 


No differences were found in patterns of health among adults in the two 
areas. However, statistically significant and clinically important differences were 
detected among children for certain cardinal symptoms. These included itchy, 
burning or running nose (not due to colds) and throat irritation. The authors 
concluded that there was enough evidence of unfavourable health experience 
among children in the Junction Triangle to warrant a clinical evaluation of their 


health status. 


A 1983 study of residents exposed to a variety of hazardous wastes emanating 
from a waste processing plant in Lowell, Mass.,!! found statistically significant 
higher rates of self-reported respiratory and constitutional conditions among the 
adult population living within a 1/4 mile radius of the site than it found among 
residents living between 3/4 of a mile and one mile of the site. Elevated 
complaints included (1) wheezing and/or tightness in chest, (2) cough, (3) persistent 
colds, (4) chest pains, (5) shortness of breath, (6) bowel disorders, (7) fatigue and 
tiredness, (8) headache, and (9) easy bruising and/or bleeding. For six of these 
(1,4,5,7,8,& 9) prevalence among the exposed group increased with proximity to the 
site. A statistically significant higher prevalence of sore throats and bronchitis 


among children in the exposed group was also reported. 
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Satin et al? compared the prevalence of self-reported symptoms in a 
population exposed to acid petroleum wastes in Fullerton, California, with a local 
control population. This study, concluded in 1981, found that 18 of the 25 adult 
symptoms and 18 of the 27 pediatric symptoms considered were statistically 


Significantly higher in the exposed population. 


Many of the symptoms, which included eye and nasal irritation, nausea, sore 
throats, coughing, headaches, fatigue and tiredness, loss of appetite, and sinus 


congestion, increased markedly with intensity of exposure. 


Such surveys have caused concern within the scientific community regarding 
the interpretation of both positive and negative findings.12,13 Some investigators 
have argued that epidemiologic surveys cannot help define etiologic associations in 
relation to liquid waste disposal unless certain preconditions are met. These have 
been summarized separately by Landrigan!2 and Heath, !3 and are paraphrased 


below. 


1 The nature and quantities of the major environmental emissions from 


the site should be known. 


2. The probable routes of human exposure (transcutaneous, inhalation, or 


ingestion) should be defined. 


a Individual exposure estimates should be definable or biologic 


assessments of absorption conducted. 
4, High risk subpopulations should be defined prior to study. 
5. Specific and sensitive health outcome indicators should be utilized. 


These conditions present the epidemiologist with a dilemma, since each 


depends upon the existence of excellent quality exposure information, best 
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collected prospectively, from landfill site records, air monitoring surveys, 
hydrogeological surveys, and soil analysis. Such information was not routinely 
collected at the Upper Ottawa Street landfill site or at any of the other liquid 
waste facilities from the post-war period which have come to public prominence in 


recent years. 


In the absence of prospective data collection, concurrent analysis of the 
landfill contents, hydrogeological surveys, or scrutiny of the waste production 
records of companies using the landfill might help reconstruct exposures. Where 
sites were owned or operated for the use of specific companies or industries, this 
process might be successful in identifying specific substances with known 
toxicities, from which target health problem hypotheses could be generated.’ 
However, when a site was used for multi-source dumping, indeterminate quantities 
of large numbers of chemicals will likely be identified. In such a case, specific 
Causative hypotheses may be harder to generate!4 and the conditions for 


epidemiologic study identified by Landrigan!2 and Heath!3 may not be met. 


Does this mean that health studies should not be carried out? Certainly not. 
Failure to meet these conditions does not reduce public concern regarding possible 
health effects, and the potential is great for a conflict between public perceptions 
and scientific needs. Levine!> has documented the negative psychosocial impact 
among residents in reaction to traditional scientific behaviour from decision 
makers during the Love Canal crisis. Her observations pose a challenge to the 
epidemiologist investigating the potential health impact of a toxic waste disposal 
facility. Should the usual scientific standards of technical precision and cautious 
interpretation be strictly maintained or should a pragmatic approach be taken 
which seeks to provide the best documentation of health status possible under the 
constraints imposed by the situation? This investigation is based on the latter 


philosophy. 


In the absence of high quality exposure information, investigators have used 
duration of residence and proximity to exposure source in place of individual 


estimates of chemical-specific exposure”, and have used _ non-specific 
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(environmental) health indicators as outcome variables.7»8:9:14 While these 
compromises may reduce the validity of an epidemiologic survey, they do not pose 
problems which are insurmountable. Selection of the most appropriate non-specific 
health indicators and adoption of strategies to avoid subject recall biases will help 


overcome validity problems. 


Suggestions for appropriate non-specific indicators include both clinical and 
pathologic outcomes. Among the clinical outcomes, reproductive and 
developmental effects, 3x14 cancer, !4 respiratory and skin problems, 28s? irritant 
symptoms, 71399 and neuropsychological deficits§s!6 have received the most 
attention. Each group of outcomes has both advantages and disadvantages. In 
general, those health problems which are long-term, most serious, or potentially 
most clinically distinct may be too rare to achieve acceptable study power, since 
populations exposed to landfills, unlike occupational cohorts, often include few 
long-term or high-dose individuals.!2 Studies which confine themselves to such 
outcomes will therefore be uninterpretable if they give negative results. Studies 
confined to common respiratory, irritant, dermal, or neuropsychological problems 
will tend to lack credibility if they are positive, since recall biases, the health 
effects of lifestyles and occupation, and problems with the reliability and biologic 


relevance of symptom histories will threaten their overall validity. 


Surveying markers of environmental pathology has been raised as a 
theoretical solution to the difficulties posed by clinical markers. Suggested 
markers may be grouped by pathologic process and organ-system (measures of 
mutagenesis, !4 - neurotoxicity !é and hepatotoxicity!7), or by exposure (for 
instance, metal toxicity 18,19), Could such markers solve the study power problem 
related to chronic disease outcomes and also the credibility problem related to 
symptom histories? If markers of exposure-specific, chronic disease were able to 
identify a larger at-risk subpopulation than would be possible using the disease 


itself, the problem of low study power would be mitigated. (For instance, B-2- 
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microglobulinuria might identify the at-risk population for cadmium 
nephropathy. |8) With respect to symptom histories, sensitive markers might be 
able to distinguish self-reports attributable to the exposures of interest from those 


related to other factors. 


The difficulties of using pathological markers may be illustrated by the 
recent study of cytogenetic findings from Love Canal.29 In that case, the 
utilization of sister chromatid exchange failed to provide a credible assessment of 
risk because the positive and negative predictive value of the test were not known 


and the clinical implications of the test result itself were not well understood. 


The use of pathological markers was not initially considered in the Upper 
Ottawa Street Landfill Site Study because no exposure related hypotheses were 
sufficiently well defined to make their use feasible. Effort was made to maximize 
the validity of the health questionnaire survey by a series of strategies which are 
detailed in the materials and methods section of this report. This approach 
corresponds to the strategy recommended by an Executive Scientific Panel 
convened by the Universities Associated for Research and Education in Pathology, 


in their report Health Aspects of the Disposal of Waste Chemicals: ! 


"In contrast to the methods used by physicians to develop a diagnosis of 
disease in individuals, the initial detection of a disease in populations near a 
chemical disposal site is often best accomplished by other means. Where the 
history and physical examination is often not practical for large groups of 
individuals, pertinent information can be gathered more efficiently and 
effectively with a well constructed questionnaire. Laboratory testing as an 
initial screening procedure is usually not _ beneficial. Preliminary 
epidemiologic studies frequently find only non-specific complaints such as 
ambient odours, headaches, dizziness, fatigue, loss of libido, or menstrual 
irregularities. In such instances, careful detailed clinical and laboratory 


studies are seldom justified". 
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MATERIALS AND METHODS 


(a) 


Landfill Area Residents 


Six groups of "exposed" households were selected for health survey 


interviews: 


— 


those living 250 to 500 metres from the edge of the dumpface at the 
time of interview (see Figure 2), who had been resident there for 3 or 


more years between 1976-80. 


those living 250 to 500 metres from the edge of the dumpface at the 
time of interview, who had been resident there for less than 3 years 
between 1976-80. 


those living 500+ to 750 metres from the edge of the dumpface at the 
time of interview (see Figure 2), who had been resident there for 3 or 


more years between 1976-80. 


those living 500* to 750 metres from the edge of the dumpface, at the 
time of interview, who had been resident there for less than 3 years 


between 1976-80. 


those living 250 to 750 metres from the edge of the dumpface, at the 
time of interview, but who had not been resident there between 1976- 


80. 


those who lived 250 to 750 metres from the edge of the dumpface 


‘sometime between 1976-80, but who subsequently moved out of the 


area. 
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Table 3 summarizes these groups and others we did not sample in this study. 


The following sections explain the sampling strategy for exposed households: 


(i) Window of exposure - Verbal reports by landfill workers suggested that 
disposal of industrial waste began in the mid-1960s. Available records 
suggested that 1976-1980 was the period of highest volume disposal of 
industrial waste at the landfill. During 1980, the site was closed to disposal, 
and was capped late in the year. Thus, residents of the area between 1976 
and 1980 should have had the greatest potential for exposure to landfill site 
emissions. The window of exposure concept means that residence time prior 
to 1976 was counted as exposed time for those who moved into the area 
before then, but those who lived in the area and moved out before 1976 were 
excluded from the study. Those who fell within the window of exposure were 
further divided into those with less than 3 years exposure during 1976-80, and 
those with 3 or more years. This distinction made it possible to plan a 3- 
point analysis of health problems by duration of exposure: long-term, short- 


term, and controls. 


(ii) Distance of residence from landfill - The choice of a 750 metre cutoff, 
and bisection into two, 250 metre exposure areas (figure 2) were arbitrary 
decisions based on sample size considerations, ease of analysis, and cost. 
There were no data available documenting community exposure patterns 
during the period of peak disposal activity so there was no scientific basis for 
establishing a cutoff distance beyond which no exposure to landfill emissions 
had occurred. Bisection of the 250-750 metre zone into two bands made it 
possible to plan three-point analyses by level of exposure: those 250 to 500 
metres from the dumpface, those 500*-750 metres from the dumpface, and 


controls. 


Preliminary estimates from tax assessment rolls suggested that there 
were approximately 784 households within 750 metres of the dumpface which 
met our window of exposure criteria (see Table 3, groups number 1000, 2000, 


3000, and 4000.) Two hundred and eighty of these were within 500 metres of 
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the dumpface and 504 households were between 500+ and 750 metres. Sample 
size considerations were dominated by detecting the rarest important 
outcome: a risk of birth defects, if one existed. Calculations showed that 
achieving 90% power to detect a two-to-threefold increase in a condition 
with a one percent prevalence in controls (i.e., all clinically significant birth 
defects) would require 950 to 3000 childbirths among both exposed and 
controls groups. A household interview sample large enough to guarantee this 
many childbirths could not be found adjacent to the landfill. Ultimately, a 
sample of 614 houses were identified in the 1000 to 4000 series (see Table 4). 
Assuming an 80% response rate and 1.3 childbirths per household following 
first residence at the landfill, this sample size would have allowed 80% power 


to detect a relative risk of 3.0 for "all birth defects". 


(iii) Time of first exposure - Figure 3 shows the years of first appearance on 
the tax assessment role for those living within 750 metres of the dumpface 
between 1976 and 1980. Few households were listed before 1973. Since the 
year of first appearance on the roll usually follows the year of first residence 
by one year, it was assumed that virtually none of the eligible households had 
been established near the landfill before 1972. Therefore, 1972 was defined 
as the year of first exposure for the purposes of questionnaire design and 


control selection. 


(iv) Subgroup identification and follow-up - Tax assessment rolls were 
consulted for 1983, 1980 and 1978 in order to create the subgroups found in 
Table 3. The following table shows how the group assignments corresponded 


to the record of households from the assessment rolls. 
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Figure 3(a): Year of First Tax Assessment for Households 
Appeeéring on the Poll between s270=2960;, and Still 
Present on the 1993 Roll. 
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(b) Year of First Tax Assessment for Households Appearing on 
the Roll between 1976-1980, but NOT Appearing on the 1983 
ROLL, 
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Tax Assessment Roll 


Groups 1978 1980 1983 
1000 and 3000 series present present present 
2000 and 4000 series absent present present 
7000 series absent absent present 
8000 series present present absent 
8000 series present absent absent 
8000 series. absent present absent 


The guidelines used to make group assignments were as follows, based on the 
observation that the assessment rolls tended to reflect the previous year's 
residence: 

(a) If present on the May, 1983 tax roll, the household was included as still 
resident near the landfill for the purposes of planning. 

(b) If present on the 1983 roll, but absent from the 1980 and 1978 rolls, it 
was assumed that the family moved in no earlier than mid-1980 and was 
therefore minimally exposed before the site was closed and capped. 

(c) If present on the 1983 and 1980 rolls, but absent from the 1978 roll, it 
was assumed that maximum exposure would be less than 3 years (latter 
part of 1978, all of 1979, 1980 before the site was capped). 

(d) If present on all three rolls, it was assumed that exposure included part 


of 1977, all of 1978 and 1979, and 1980 before the site was capped. 


Table 4 shows how the initial household assignments evolved over time. 
Discrepancies between the initial tax assessment estimates and the number 
of households available for assignment were smal! for the 1000 to 4000 series. 
These mostly represented double reporting of families on the rolls. 
Substantially fewer households were available for assignment in the 7000 


series than estimated from tax assessments (325 estimated, 219 assigned). 
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The initial estimates had included many landowners who had not yet moved 
into the area or built there. This was discovered when phone numbers were 
sought for the households. Approximately two-thirds of the Original 600 non- 
pretest households in the 8000 series (movers) were found within Hamilton 
and surrounding municipalities through drivers license records and local 


telephone directories. 
(b) Controls 


Control selection was based on the objective of achieving comparability 
in family size, age distribution, and socioeconomic status, since these factors 
would likely correlate closely with occupational and personal health risk 
factors which could confound the outcome of the study. Identification of an 


acceptable control community was hampered by three factors. 


Ls Since the Upper Ottawa Street Landfill Site area was developed during 
the mid-1970s, it was necessary to restrict the search for controls to 


other newly developed communities. 


2. Timing did not permit us to conduct a census of the Landfill Site area 


or any potential control areas. 


3. The Landfill Site area was spread out over four census tracts and eight 
Hamilton Planning Department Neighbourhoods. (Table 5). However, 
the proportion of population of each census tract within the study area 
ranged from 20 to 75 percent, while for planning neighbourhoods it was 
0.5 to 34.0 percent. Thus, routinely collected data related to family 
size, occupation, and income were unhelpful in identifying a control 


community. 
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Table 5: Hamilton Planning Department Neighbourhoods Adjacent to the Landfill 


Name Census Tract Appr oxi mate Percent Percent of Study Sample 
1981 of Census Tract House- from Each Plannin 


holds Eligible for Study Neighbourhood* 


Quinndale 001.02 34.0% 
Templemead 001.02 40% 922% 
Rymal 001.01 1.8% 
North Hannon 001.01 0.5% 
Albion Falls 001.01 75% 8.4% 
Trenholme 001.01 10.4% 
Lis gar 005.03 30% 19.7% 
Berristfield 005.02 20% 16.0% 


* Households within 750 meters of the edge of the dump face on the 1983 Tax Assessment 


a | 


As an alternative, information on house size, type, building dates, and 
resale value were used as surrogates for family size, age, and socioeconomic 
Status. Information provided by the Hamilton Planning Department helped to 
limit the search to neighbourhoods on the "Hamilton Mountain", which were 
the only other communities constructed at a similar time. These 
communities were situated on the Niagara Escarpment within five miles west 
of the Landfill Site (see figure 1). Therefore, they were in the same region 
for air pollution migrating south from Hamilton and north from the industrial 
belt in the U.S. northeast. Comparability of house size and type was based on 
the inspection of Planning Department and Real Estate Board records. The 
"Gilkson" neighbourhood and part of the contiguous "Fessenden" 
neighbourhood turned out to be the closest community match within the City 
of Hamilton. A visual inspection of the Fessenden/Gilkson area revealed a 
mixture of town houses and single detached dwellings similar to the landfill 
area, but also two high-rise apartment blocks. These were excluded from the 
control group. Resale values of houses within the two areas for August, 1983 
were available. Thirty-three houses in the Landfill area had sold for an 
average of $75,840 (standard deviation $12,600). The range was $54,500 to 
$99,900. In the control community, 18 houses sold for an average of $74,570 
(standard deviation $18,370). The range was $48,500 to $104,900. These 
observations, and the absence of any other suitable choice of controls within 


the City of Hamilton, led us to adopt the Fessenden/Gilkson neighbourhood. 


Table 4 shows control households from tax assessment rolls divided into 
two subgroups: the 5000 series and the 6000 series. The 5000 series are 
those who lived in the control area for less than three years during 1976- 
1980. Their duration of residence is comparable to landfill residents in the 
2000 and 4000 series. The 6000 series are those who lived in the control area 
for three or more years between 1976-1980. Both 5000 and 6000 series were 
current residents at time of interview. Migrators (analogous to the 8000 
series) were not sampled from the control community because the assessment 
rolls revealed a very low rate of out-migration. Similarly, there were too 
few control area residents who moved in after the 1980 tax assessment rolls 
were compiled, to form a group comparable to the 7000 series. 
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The ratio of 5000 to 6000 series households (1 to 2.7) was lower than the 
ratio of 2000 plus 4000 series to 1000 plus 3000 series households. (1 to 1.1). 
Therefore, it was clear from the outset that the control community had a 
higher proportion of long-term residents and was less migratory than the 


landfill site community. 


(c) Questionnaire Design 


In order to fulfill the objectives of the study (see pages 1-2), the 
questionnaire had to provide information about the health of all members of 
each study household. Accordingly, the questionnaire was designed for 
administration to the female head of household who would report on behalf of 
the whole family. Five principal inputs were used in the initial design and 


content of the questionnaire: 


L. the workers! study questionnaire - this questionnaire had proven to be 
clear, easy to administer, and comprehensive. It was used as a base 
upon which to build. Feedback from the interviewers was available to 
help revise it as appropriate. One important feature of the workers’ 
study questionnaire was its use of multiple descriptions of similar 
health problems in separate response categories, with the instruction to 
the respondent to pick the best response available. This inclusive 
approach allowed the workers to find rubrics that appealed to their own 
lay terminology for specific health conditions. The trade-off was that 
some rubrics used in the questionnaire lacked medical credibility. A 
similar trade-off was used in the residents’ study, most notably in the 
dermal and neurological sections. This is reflected in some of the 


"hypotheses" identified in Table 2. 
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preliminary results of the workers' study - preliminary analyses 
suggested that specific respiratory, dermal and neurological conditions 
might ultimately emerge as main hypotheses from the workers’ study. 
The corresponding sections in the residents’ questionnaire were 
strengthened. Questions were borrowed from the respiratory 
Standardization questionnaire to supplement the respiratory questions; 
items regarding body distribution and qualifying phrases regarding 
frequency and severity of symptoms were added to the dermal section. 


Qualifying phrases were similarly added to the neurological sections. 


the original residents' survey - the original residents' survey was re- 


examined to ensure that all relevant areas were covered. 


Canada Health Survey22 - the format for recording multiple household 
members! responses in consecutive columns was borrowed from the 
Canada Health Survey and was also used for recording information 


about multiple pregnancies for appropriate adult female respondents. 


the necessity for including information on maternal and child health- 
sections on pregnancy history, maternal risk factors, and outcome were 
developed de novo for the residents' study. No validated questionnaires 
were available, so items were based on the investigators' knowledge of 
the epidemiologic and toxicologic literature regarding known and 
potential risk factors; and pregnancy outcomes potentially sensitive to 
environmental exposures. The list of congenital anomalies was adopted 
from that used by Frank and Corey in "A Report on Congenital 
Anomalies in Toronto (1979-1982)".23 Questions on child development 
were modified from the Child Health Questionnaire of the Ontario 


Child Health Study.24 
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The questionnaire ultimately included the following items: 


(a) identification of all current (or temporarily-absent) household members 

(b) basic details about deceased household members and those who had 
moved away before the date of interview. 

(c) family and individual residence history within the landfill site or control 
area. 

(d) presence of long-term health problems in each family member (adapted 
from the Canada Health Survey questions regarding current presence of 
chronic health problems). 

(e) each family member's smoking and drinking history. 

(f) activities on lands and recreation areas adjacent to the landfill. 

(g) history of acute and chronic health problems from 1972 until the date 
of interview (including items not thought to be related to environmental 
exposures). 

(h) developmental history for those under the age of 16 at time of 
interview. 

(i) pregnancy history for all female respondents who had a pregnancy since 
1968. 

(j) history of school attendance and work within 750 metres of the landfill. 

(k) history of work in dusty jobs and jobs with chemical fumes. 

(1) | socioeconomic status (ethnic orgin, language, income, education, home 
ownership). 


(m) consent to abstract physician and hospital records. 


Pre-testing of the personal interview questionnaire was conducted on a 
sample of former residents who had moved between 500 and 750 metres from 
the landfill for less than three years from 1976 to 1980. These individuals 
were excluded from the tabulation of "8000 series" residents found in Table 4. 
Thirty-three household interviews were completed, relating to 135 
individuals. The interviews averaged one hour and forty minutes. The 
longest took three hours to complete and the shortest took only thirty-five 


minutes. Nonetheless, feedback from the interviews demonstrated that the 
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questionnaire was too long for many of the respondents to maintain 
concentration and co-operation. Details of work history, alcohol intake, child 
development, and reproductive history were reduced. In particular, questions 
from the Respiratory Standardization Questionnaire were found lengthy, 


annoying, and redundant, and so, many were deleted. 


A mail questionnaire was also pretested concurrently with the personal 
interview questionnaire. This strategy was a compromise between 
affordability on the one hand, and the need to increase study power and 
assess migrator bias on the other. Pre-testing demonstrated that information 
gained from the mail questionnaire was not comparable to that obtained on 
the personal interview, and so could not be used to assess migrator bias or to 
increase study power with respect to uncommon health problems. Also the 
response rate among the pre-test sample was very low. Refusals and 
untraceable addresses accounted for more than 50% of the pre-test interview 
sample. As a result of these difficulties the mail questionnaire was 
abandoned and personal interviews were conducted on all eligible subgroups 


as outlined in Table 3. 


(d) Questionnaire Administration 


The contract for interview administration was awarded to Hamilton 
Opinion Research Centre Limited (HORC) through a competitive bidding 
process. The pre-test and execution of the questionnaire and medical chart 
abstraction were miraged by the principal contractor (Mr. Nick Sidoruk of 
HORC) in co-operation with the Upper Ottawa Street Landfill Site Study's 
epidemiology and toxicology consultants. Interviews were conducted in-home 
by trained interviewers experienced in studies of a sensitive nature. In-home 
interviews were a logistical necessity because of the need for access to the 


female head of household (who was frequently a homemaker) for an hour or 
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more. Publicity surrounding the landfill site and the study precluded the 
possibility of blinding exposed respondents to the purpose of the interview. 
However, an attempt was made to conceal the principal objectives of the 
study from the controls. The letter of introduction said the purpose of the 
interview was "to study the health of persons who live at various distances 
from the Upper Ottawa Street Landfill Site". Because the control community 
was less than five miles from the landfill, we thought it possible that controls 
might not identify themselves as "unexposed". If this were so, recall biases 


might be reduced, while at the same time, response rates might be enhanced. 


Interviewers were blind to the hypotheses being tested and were 
unaware of which questionnaire items were distractors. Indeed, formal 
declaration of the hypotheses did not occur until after the field work was 
complete, but before the data was analyzed. Interviewers were each assigned 
a mixture of respondents from different subgroups. An informal survey of 
interviewers after the field work was completed revealed that no distinct 


impressions or theories of cause and effect had emerged among them. 


Multiple call-backs were used in all situations where initial interview 
contact met with refusal or no answer. All initial refusals, multiple delays, 
or failures to keep an interview appointment were logged by the interviewers 
and screened by the interview contractor for reassignment and recontact. A 
member of the consultant team conducted a second screening of refusais 
which the interview contractor felt did not warrant recontacting. Twenty- 
four percent of the refusers recontacted as a result of the first screen agreed 
to be interviewed, as did 12 percent of the second screen. In retrospect, only 
harsh refusals were accepted on first contact, and interviewer logs reveal 


multiple contacts for virtually all refusers. 
A team leader was identified among the interviewers who checked all 


in-coming questionnaires for completeness and internal consistency. 


Callbacks were conducted when such problems were identified. 
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When a female head of household was unavailable, the interviewers 
were given a hierarchy of alternate individuals to solicit in order. Where a 


family had split up, the order of priority for interview went as follows: 


- if one part of the family had remained in the study area, it was 


interviewed and the rest was excluded. 


- if both parts of the family remained in the area, both were 


interviewed separately. 


- if both parts of the family had moved ("exposed" families only), 
interview was sought with the portion including the female head of 


household only. 


When households were not found at the assigned address, the interview 
team returned the family information to the consultant team, who attempted 
to find the family through drivers' license records, local contacts, and leads 
picked up by the interviewers. Usually, this resulted in a household in the 
1000 to 4000 series being re-assigned to the 8000 series. Movers were 
tracked down in Hamilton-Wentworth county and parts of the adjacent 


counties within a radius of approximately 25 miles from the site. 


(e) Data Analysis 


Table 6 summarizes the exposure status of the eight subgroups included 
in the study and lists the various short titles used to describe them 
throughout this report. Most important, the right-hand column identifies the 
subgroups included in each category of analysis. The overall analytic 
strategy was to assess the strength of association, consistency with the 
workers' study, and gradient of response by duration of exposure through 
comparisons between current landfill residents who were present between 
1976 and 1980, and controls. Analyses involving the other subgroups (7000 


and 8000 series) were designed to indirectly assess biases in the main analysis 


34 


> . 
2 7 _ 


7s, := me | 
stone sim <Y glisrueem ' 
: : aa is 
ete we a ipen i te qrisre est 


ate .) b> © omervenel 508 Giveiny dm salve = au a 

7 oe pee O® @. beGeues Cat qhewlie® be aq oe De 
eoaakire tee bre 97) hee Cewsivrsial 

+ <¢ 

To & @ qa: yO) @8 t wg mad 1 = 

owen beestvrenl 


ao erg ast hand at te may Bad = 9 
: aul hy Pet & Ae (tp eo iene {O 


(we CORI. 
o 
ioe Mm é : omaasi +3" OTe ab! a* eather rool es 


oat * @ Gihienrem es? oA beer eitery medi 

_ ow Yeue “ery gles ot baltied 
(a oa) FAH oe ye ge 
2o2peaen- 6, @cae eoired DGC a) ane 


Pemaria? as medt 


oti (sadoue 
, ’ , ahece be iad ae ° 


otyae’, are) 

Ss: eeertes GD oOts VOliinico’d oigat - 
“ mwe = 0) be ofprir-4 ‘a, 
“eye, te s*oee) re gute vvarit 

e a ¢sgetes 4300 @ See “oe ch 


at Mo at oe 2 ease — ges 
: pe @ ee ey my 
Pr * ie; WAG ere were ; ' > 


: aoviath arroner -@ Srti, nua BF 


tewed« i miihal €F Sey Wyo aeee Iga eee OFT 
a 


9-G SA to] 
SvIq |fedas 
~ HOHE IYSGe yILYD [ed1pay (3) 


9G SA h-] 
ainsodxa 0) pajejas 
2q 0) Pd}Dadxa you suo} Ipuo> (J) 


9-¢ SA t-] 
Burj esauad stsayjodAyy () 


9-G SAL 
Lajdoad Ayyjeay ssay yoesyye 


BOJe |]|JPuey ayy saoq (p) 


9-G SA QI 
h-] SA gy 
SPIq 10)e131y (2) 


saskjeuy juaipeiy (9) 


9-¢ SA t-] 
siskjeuy wey (e) 


saskjeuy 
Dj!edg ur papnjduy sdnory 


Aeme paraow 
pue‘gg-976] Udamyaq aulyauios 


wS4IBAOUL,, HLPpuej ay yo 
SOI OCZ UNI paar] (8) 0008 
ek SOON 2 8) UUUS 
sjuapisa4 F49Y) [> * O86] Jarye 
4349391, BOIe |[lfpiiey OPUL porous (2) 0002 
ee Bey Oya p 


s]o3ju0S 9491) [19S ‘08-976] ‘Bae JosyUOD 
419)-duoy,, at Ul aduapisad *s4k ¢ (9) 0009 
ee eee b> ee 9) 0009 
u$[04JUOD,, 2494) [1S pue Og-976] 
$]O1]U0D "Base [O1JU0D atyy uy 
Wl4194-J 4045, a2uapisad "ssh ¢ UeY) ssay (S$) 0006 


s}uapisas 


9494) IIIS “08-976] “IIypuey 
a4) U10dJ $9139) QE /-Q0G 


4113} -7 JOYs,, aDuapisas “Ssh ¢ UBER Ss] (4) 000 
uS4JOAOW-UOU,, 9494) |]}YS pue ‘og-9g7¢6] 
S}uapysay I!ppuey ayy wosy sarjyaus 
40 wUi4a)-duoy,, O¢2-00¢ BDuUapjsa4 “sak ¢ (€) O00€ 
upasodxa,, 9494) TS pue ‘Og-976] ‘Iypuey 
sjuaplsas AYd JO Sasjaul QOg UsYIIM 
w4119}-7] JOYS, aouapysas “sak ¢ uey) ssa} (Z) 0002 
2497 1S pue Og-976) IIT] 
syuapysa puey ay) Jo sanaw ogc 
U149}-duoy,, ULM ADuap{sas *s4h ¢ (I) OOOT 
$a}ge | atyy lo punog 
sdnoiy jo suol}djaSsap 7045 snjey¢ ainsodxy QI dnoi5 


SPIOYPsNoH palduieg soy Fay UOWedTT Uap] 29 arqey 


Sie 


ov oA 6s tia or ate 


Tuwales cone 1 panll ee 


oath Vpce tee MBA 6 JA ie 


MB ae the oa ¢ 
ee | Ls) ue 40) 
eel Ved GO pent 


¢ 


> 
“i a id | (>a 


a 
awl a! 


@"us a 


——— TT oe 


which might have resulted from the high out-migration rate from the landfill 
area and from the possibility that the health of those choosing to live 
adjacent to a waste disposal facility might have systematic health status 
differences from other people of similar socioeconomic status not living in 
the area. Other analyses were confined to the main study groups. These 
included hypothesis-generating analyses; analyses checking the specificity of 
associations between landfill exposure and the main health problems (through 
analyzing conditions not expected to be related to exposure); as well as 
medical chart abstraction for recall bias. In all, five diagnostic tests of 
causation (strength of association, gradient, temporality, specificity, and 
consistency) and three sources of bias (recall, migrator, and "risk-taker" bias) 


could be addressed through this analytic strategy. 


Table 7 shows the flow of events for analysis of four groups of health 
conditions: main hypotheses, secondary hypotheses, conditions suitable for 
hypothesis-generating and those thought to be unrelated to environmental 
exposure. The conditions identified as main hypotheses have been identified 
in Table 2 while the secondary hypotheses have been listed on pages 10 and 14 
of the Background section. Other conditions included in the subsidiary 


analyses will be identified in the Results section of this report. 


Cox proportional hazards models2? were employed in each main 


analysis, and were developed in the following way: 


I. The data set was divided into those who were 16 years of age or older 
(‘adults') and those who were less than age 16 (‘children’) at the time 
when they first moved into the landfill site community. The two groups 


were analyzed separately. 


2. All major sociodemographic variables and other confounders in the data 


set were compared between exposed individuals or households, and 


controls. 
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The Cox model takes into account the fact that events occur at 
different times after initial exposure. That is, a person contributes 
person-years at risk only from the time of first exposure until the time 
he/she experiences the health condition being analyzed. In assessing 
the main effect of exposure on the rates of various health conditions, it 
can also control for the influence of possible confounding variables (e.g. 
age). All biologically plausible confounders were available for inclusion 
in Cox proportional hazards models for each health condition. They 
were entered stepwise, with a "p to enter" of 0.10 and a "p to remove" 
or 0515; 


Person years at risk were calculated from the year of first residence at 
the landfill site or control community. Only current residents of the 
landfill (1000 to 4000 series) or controls (5000 and 6000 series) were 
included. For those who lived in either community before 1971, 1972 
was taken as the first year at risk. Person years were counted until the 
year of interview (1984). Only first incident events occurring after 
first residence at the landfill site or control community were included 
in the analysis. When biologically related groups of health conditions 
were analyzed, only the first eligible incident event within the group 
was counted. Those reporting first events prior to exposure did not 
contribute person-years to the analysis. Smoking history, work history 
and other risk factors with a cumulative impact were considered for 
inclusion even if they occurred before first residence in the community 


of interest. 


The relative risk was derived from the exponent of the hazard function 
in the Cox model, which is an estimate of the instantaneous hazard 
rate. The Cox model assumes that the instantaneous hazard ratio is 


constant over time. Main analyses of the main hypotheses were 
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declared positive if the p(relative risk) was<0.01. The p(relative risk) 


was based on the Z score from: 


partial coefficient (group/confounders) 


Standard error of coefficient 


Adopting an alpha level of 0.01 simultaneously adjusted for multiple 
testing of five organ-system groups and for four-to-five conditions 
within each organ-system group among the main hypotheses. The 
secondary hypotheses were declared positive if pea where "n" was 
the number of secondary hypotheses separately among adults and 
children. This approach was appropriate for multiple testing by organ- 
system, since the symptoms may be thought to be independent between 
organ-system. However, it is conservative within organ-system, since 


the assumption of independence of symptoms is likely to be violated. 


Subanalyses: Among the main hypotheses, subanalyses were conducted 
only on organ-system groups. Among the secondary hypotheses, 
subanaylses were conducted only on these where the main comparison 
was "positive". All subanalyses were Cox proportional hazards models, 
with the same confounding variables as in the respective main analyses. 


Specific approaches were as follows: 


(a) Gradient Analysis - The main study groups were divided into those 
‘who lived within 500 metres of the dumpface (1000 and 2000 
series), 500 to 750 metres of the dumpface (3000 and 4000 series), 

and controls (5000 and 6000 series) and analyzed for a linear trend 

in incidence rate with proximity to the site. Separate analyses 
were then conducted on the long-term residents (1000, 3000 and 

6000 series) and short-term residents (2000, 4000, and 5000 series) 

to see whether or not the principal contribution to the linear 


trend came from the long-term residents. Evidence of a linear 
t 
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(b) 


(c) 


trend, stronger among long-term than short-term residents, would 
Support Causation, regardless of whether or not the conditions 
resulted from acute or chronic exposure. Analyses of subgroups 
organized by duration of exposure only (long-term 1000 and 3000 
series; short term 2000 and 4000 series; controls) were not 
included because it was thought that non-current analyses would 
be invalid without direct evidence that levels of exposure to 
landfill site emissions were roughly constant throughout the 


exposure window (1976-1980). 


Did the elevated risk develop before the landfill site was closed? - 
The main analyses were recalculated excluding all health 
conditions reported after 1980. This allowed the investigators to 
find out whether or not a risk developed during the period of most 
active liquid waste disposal at the landfill. Also, if a risk 
diminished after the site was closed, removing 1981 to 19384 from 
the analysis should have resulted in an increased relative risk in 
the "1980 and before" analysis. This latter consideration was 
invoked when the results of the main analysis were of borderline 


Statistical significance (0.01<p<0.05) among the main hy potheses. 


Migrator Bias: Two sets of analyses were carried out to assess 
the effect of out-migration of landfill site area residents. The 


first compared the migrators (8000 series) to the current residents 


_ who had been in the landfill area when liquid waste disposal was 


occurring (1000 to 4000 series). This analysis was done three 
ways: including all health events up to the time of inverview; and 
excluding events occurring after 1980; and excluding all events 
before 1981. The second approach compared the migrators to the 
controls (5000 and 6000 series) and was carried out on all health 
events up to the time of interview. Evidence of migrator bias 


may be divided into two forms: that which would tend to 
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(d) 


artificially increase the apparent risk associated with exposure to 
the landfill and that which would tend to artificially decrease the 
apparent risk. Evidence supporting the former would be present if 
the "migrators" had lower rates of the conditions of interest than 
did the exposed "non-migrators", and if they were more like the 
unexposed controls in health status than they were like the "non- 
migrators". Evidence supporting the latter would be present if 
the "migrators" had higher rates of the conditions of interest than 
did the exposed "non-migrators". Evidence that the migrators 
were more healthy than the non-migrators would tend to weaken 
"positive" results in the main analysis. Evidence that the 
migrators were less healthy would tend to strengthen positive 


results. 


Has the landfill site area attracted less healthy people? -This 
question was addressed by comparing the health of those who 
moved into the landfill site area after 1980 (7000 series) with the 
controls. Two comparisons were made. The first involved all 
health problems reported since 1972 by each group, irrespective 
of where they lived. The second involved only health problems 
which were reported after first residence in the qualifying 
household, and occurred between the beginning of 1981 and the 
time of interview. The rational was that, if the landfill site are 


attracted less healthy people, this sould be reflected in their 


‘reporting higher rates of health problems from 1972 to the 


present. Increased rates of reported health problems from 1981 
to the present might represent either landfill site effects or the 
underlying unhealthiness of those attracted to the area. The 


following table gives guidelines for interpreting these analyses: 
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(1972-1984) 
Recent Residents 


Controls 


1. Relative Risk? 1.0 


2. Relative Risk<1.0 


3. Relative Risk }1.0 


Comparison 


(1981-1984) 
Recent Residents 


Controls 


Relative Risk) 1.0 


Relative Risk} 1.0 


Relative Risk 120 


Conclusion 


Landfill site 
attracts less 


healthy people 


Landfill does not 
attract less 
healthy people; 
ongoing exposure 
must be 


considered 


Inconclusive 


Hypothesis-generating Analyses - A few adult and child health conditions 


were not included among the main or secondary hypotheses but nonetheless were of 


interest in the study of health effects related to landfill site exposure. These were 


analyzed using the proportional hazards approach, but were not included in any 


subanalyses. 
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Conditions Not Thought to be Related to Environmental Exposure - All health 


conditions on the questionnaire which were not included in the main hypotheses, 
secondary hypotheses, or hypothesis-generating groups were eligible for inclusion. 
All those conditions with 30 or more events in total among the main study groups 
(series 1000 to 4000, and series 5000 to 6000) were deemed to be analyzeable and 
were included. Ultimately, the analysis excluded health events which occurred 
before residence at the qualifying household. Thus, several analyses ended up with 
less than 30 events. This somewhat awkward approach was necessary to ensure 
that inclusions and exclusions were made blind to the relative distribution of health 
events between landfill site residents and controls. The overall purpose was to 
assess the specificity of the possible associations(s) between landfill site exposure 
and the main and secondary hypotheses. If many conditions (not thought to be 
related to environmental exposure) were also associated with landfill site exposure, 
the credibility of positive results would be reduced. Therefore, analysis of 
conditions not thought related to environmental exposure were interpreted 
collectively, not individually in relation to the overall objectives of the study. 


Table 7 gives details of the methods of analysis. 


Reproductive Problems - A reproductive mini-questionnaire was included in 
the questionnaire to screen for evidence of adverse outcomes associated with 
residence adjacent to the landfill site. The pregnancy experience of all females in 
the study households was solicited from 1968 to the date of interview. Those 
pregnancies occurring after first residence in the qualifying household were 
included in the ‘analysis. The main study groups (1000 to 4000 series and 5000 to 
6000 series) were compared by risk factors using simple univariate techniques. 
Negative pregnancy outcomes considered in the analysis included low birth weight, 
still birth/spontaneous abortion, and the presence of any major or minor birth 
defects. These, too, were compared using simple univariate techniques as an initial 
screen. Multivariate analyses and clinical follow-up were contemplated if any 


positive results emerged from univariate analyses. 


43 


ae 


oo a 
7 


eges i? - Op ares Ss 
eee kee ie 


Jas awe woul 
= : pont A 0 aon erie 0. OF bw a 
= }esGm. Tea ct coe GRR ar 0000 aac tre A 
needa ~hen s+taeee Gipplams © ,visrenutild / on 
S @& are erm levees at asic eect ft a soe 
a — << pa? @h weetes eitences oT atneve © € nei 


a" ww, 


7 - om) apr ap Oi Gee i ree eélneme bre eau 
7 iy ove of? coeeeee Gee comeeesy ealp (ane om . 
@, iet=am® itm a te 


vw ll 4semepy cuaceae bine init ony be 


a _— = 7 
6 70 Gee @w@ ous ie HETIO I Om ads = 
ri oa a 
Laude: Of Gans Cush Mev to Crs SF 
> : i ae 
~—emee fs Amey @: barn papel nea tiene 


: 
= Pe 

. : (06 (or gine Pan ,yis 
== © tatres egy bo cltéteh # 


Ae 78 


7 es #0 
a par he 
ie 


oe | 


(f) | Medical Chart Abstraction 


In the Workers' Study which preceded this one, self-reported health conditions 
were evaluated for recall bias by abstraction of family practice medical records. 
Abstractors were not blinded to respondent self-reports so that they were free to 
interpret the available medical records. Nine possible relationships between the 
medical chart and questionnaire response were itemized by the study investigators. 
Two represented 'confirmation'; four represented ‘possible confirmation'; and three 
represented ‘non-confirmation'. After search of available medical records, the 
abstractors rated each self-report by this nine item scale. Analysis and 
interpretation was reduced to three groups: ‘confirmed’, ‘possibly confirmed', and 


‘not confirmed'. 


This approach had two basic flaws: abstractors were unblinded to respondent 
self-reports; and underreporting of health problems could not be reliably assessed. 
The former problem was mitigated by the fact that the abstractors were blinded to 
the 'exposed' or 'control' status of the respondents. The latter problem was 
insoluble because it was difficult to artificially determine boundary lines between 
possible confirmation of self-reported conditions and confirmation of unreported 
conditions for all 120 health problems found on the workers' study questionnaire. 
The approach taken to medical chart abstraction on the residents' study was 


designed to correct these problems. 


The twin’ objectives of blinding abstractors to study subjects’ reported 
complaints and of obtaining parallel data on respondent under- and over-reporting, 
were achieved by abstracting a limited number of health conditions. The process 


of selecting eligible conditions went as follows. 
Adult and child conditions were grouped by organ-system or biologically- 


related cluster. For adults, this involved excluding two groups which were thought 


to be least relevant among a young population: cardiac and arthritic complaints. 
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The rest of the conditions were divided into nine groups. Six of these (respiratory, 
hematologic, renal, digestive, skin, and head and neck) corresponded directly to the 
groupings in the questionnaire. The remaining three (central nervous system, 
peripheral neryous system, and psychological) were subdivisions of the nerve and 
muscle condition group on the questionnaire. Two conditions were randomly 
sampled from each of these nine groups. The first condition selected was 
designated for abstraction, and the second served as an alternate. The alternate 


condition substituted for the designated condition in any of three situations: 


A If the projected number of abstractable events for the designated 
condition was less than 30, based on a tabulation done at the two-thirds 
completion point of the study, it was felt that too few events would be 


available for abstraction. 


2s If more than 100 events were projected for a designated condition, the 
overall analysis of reporting bias would be unduly weighted by that 
condition, since we were restricted by budget to approximately 600 


abstractions. 


oe Some conditions (e.g. shortness of breath, or pain and cramps in legs 
and feet) were found to be unabstractable on pre-testing. This was 
usually because they were found as symptoms subsidiary to a variety of 
health problems which were not being abstracted. This made it very 
difficult to define a reliable boundary between possible confirmation 


and non-confirmation to serve as a guideline to the abstractors. 


A similar process was conducted for child conditions. In this case, only five 
groups of conditions could be defined with sufficient numbers of events to warrant 
sampling (respiratory, dermal, head and neck, child development, and a 
miscellaneous category). Table 8 shows the final list of conditions which were 


abstracted. 
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Table 8: Conditions to be Abstracted 


ADULT 
#1 C004. Pneumonia, including bronchopneumonia 
#2* —C025. Nosebleeds (not from injury) 
#3 C040. Needing to get up more than once at night to urinate 
#4 C057. Loss of weight 
Dis C067. Recurrent or severe problems with unusual acne 
#6 C076. Prolonged, irritated, sore throat 
#7 081, Ringing in the ears or tinnitus 
#38 C090. Constant fatigue, lethargy or drowsiness 
#Ot S097. Numbness, tingling, prickling or loss of sensation on arms or 
hands 
CHILD 


#10 C006. Asthma 


#11 C044, Food allergies 

#12 C066. Recurrent or severe problems with skin rashes or hives 

#13 C078. Red, itchy, watery, sore, dry or inflamed eyes 

#14 C125. Problems with normal child development in terms of 


physical growth or development 
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Medical chart abstraction was restricted to the main study groups (1000 to 
4000 series; and 5000 to 6000 series). Individuals were included in medical chart 
abstraction if they had reported having one or more of the nine adult, or five child 
conditions since 1972 and had provided the name of a local physician whom they 
saw for these conditions. In addition, a sample of 60 subjects was randomly 
selected who had reported none of the conditions of interest. (40 adult, 20 child.) 
Individuals reporting a condition of interest were excluded if it began before 1972, 
if no physician were seen, or if the physician was unavailable for follow-up in the 
Hamilton area. The abstractors searched the records of a! family physicians 
reported as the physician(s) seen for the conditions(s) of interest. For those 50 
individuals who reported none of the conditions of interest, the records of the 
physician most often reported on other condition sheets were abstracted. Usually, 
one family physician predominated. But in five cases, two family physician records 
were abstracted. The abstractors searched medical records for all nine adult ( or 
five child) conditions, blind to the reporting status of the study respondents. Thus, 
over-reporting was based on the proportion of reported conditions which were not 
confirmed and under-reporting was based on the proportion of unreported 


conditions which were confirmed or possibly confirmed. 


The study investigators viewed the abstraction process as a method to assess 
recall bias, not to quantify the accuracy of reporting. Because abstraction was not 
exhaustive of all medical records, because physicians may not have recorded all 
symptoms, and because of the arbitrary nature of '‘'confirmation' and 'non- 
confirmation', the estimates of proportions of under- and over-reporting are only 
meaningful when compared between study groups. They have no meaning as 
estimates of absolute reporting accuracy. Moreover, estimates of over- and 
under-reporting cannot be combined in a single summary analysis, since this, too, 


would imply that the absolute values of the estimates were individually meaningful. 
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The flow of events for the abstraction study went as follows: 


ie 


The study investigators developed overall guidelines for 'confirmation’, 
‘possible confirmation', and 'non-confirmation' of the conditions. Five 
Categories were created, and two exclusion categories were defined. 
(See Appendix Book.) In addition, specific examples of all seven 


categories were written for all 14 conditions to be abstracted. 


The nurse abstractors went through a ‘dry run’ of two charts in a 
workshop session during which time the abstaction materials were 
discussed. They then pre-tested the instruments on a total of 21 family 
physician charts. These were derived from study groups (e.g. 38000 


series) not included in the main abstraction study. 


The materials were revised in the light of the abstractors' pre-test 
experience. A second workshop was held to familiarize the abstractors 


with the revised instruments. 


Before re-entering the field to conduct the main abstraction study, a 
reliability workshop was held. All 10 abstractors concurrently reviewed 
six charts (four adults, two child) which were selected from the main 
study sample by special permission of the family physicians. No 
discussion was allowed during the workshop, so that each abstractor's 
work was her own. The data from this workshop was put in storage 
until the end of the study so that it could be used to assess the 
reliability of the study materials only, and not the performance of 


specific abstractors. 


A total of 581 charts were assigned for 568 study respondents selected 
for abstraction. Abstractions were conducted in family physician 
offices, and the whole process took approximately six weeks to 


complete. 
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6. 


A second reliability workshop was conducted at the end of the 
abstraction study, using the same format and the same six charts. The 
time and mass of work carried on in the intervening six weeks made 
abstractor recall unlikely. The data from the workshops was used to 
calculate pre-test and post-test reliability of the tools for abstraction, 


and also to estimate intra-abstractor reliability. 
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V. 


1. 


RESULTS 


Descriptive Statistics 


(a) Response Rate 


Table 9 gives household response rates by study group for the interview 
questionnaire. Response rates for the households currently adjacent to the 
landfill site ranged from 80.0 to 84.6 percent; while 75.3 percent of mover 
households and 67.8 percent of controls responded. The differences in 
response rate are readily explicable by the degree of self-interest each group 
of households would have had in the results. Unfortunately, the control 
group's response rate leaves open the possibility of a volunteer/non- 
respondent bias affecting the study results. The reasons most often given for 
refusal were "too busy" or "not interested". This was true for all groups. 
Refusals for reasons of ill-health were rare, accounting for only six of 109 
refusals among the recent residents, and three of 86 among the movers. 
Nonetheless, it is possible that other refusals were related to health status in 


an unstated way. 


(b) Sociodemographic Characteristics 


Tables 10 and 11, and figures 4 and 5 describe household and individual 
sociodemographic characteristics for four study groups (exposed residents, 
controls, movers, and recent residents). Exposed and controls are compared 


using x? statistics. 


Table 10 shows that the modal income for exposed, control, and mover 
households was $30-39,999 in 1983. The modal income for recent resident 
households was $20-29,999. Controls had a higher overall income 
distribution. Only 6.7 percent of controls households had incomes of less than 


$20,000, while 35.2 percent were $40,000 or more. Among exposed 


50 


sry OW ant Gre Ge od Oe8es cumagee Clatcneet avg COkRT 


np: agit 


ouiret ent Ghent? 6 “A ape? sees oie 
2 iw operas 6.40 er SC. aut ogre ae 

Ado Ger Ww aeecemy 2 Ore 
aqtps a (6 aime ate ow ay 


— Cs 


‘4 
i - 7 " = Sot ove Mucy joy’ 
6 oe a =am=é CW ee@éapet 

: meee jim qa seD puinetss (eae Ge 
jaw ott - © — < ‘el al" Gee 
nar oes ttteetdD to amment sa 

rua vee et grows 

ie é ri On ton «Lee fp Di 

eee bat 
eying ite) 360), sete ‘ 


sr efe 6M) , Li ae! 4 (r= y 
& i oa @} - q bi free reg Pia ¢: awa? j ‘ 


_ 
=e |) eee 3° onteeT 


) cole @riewe>- au 
‘7 = i ee IN 
= dered a | 


= 


ess ef) Tels gearll Gt sideT 


da 


1. SAPs Oe ft Ie ae f 
—- 


~ 


<< cope oooecee T.4l aw AE 


a 


ECL = 
191312 Bhe 


ajyajduiod 797 
sSUDAOW 


%E OR = 
219/31]9 29] 
Javajquioa o¢T 
is}uapisay 
juaday 


%8°Z9 = arQITIa 9¢9 


Jr ajduiod [En 
sdno45 JosyUuOD 


/aryatduiod ¢g¢ :dnoiy ,,pasodxq,, 


2°78 = AIQI3I12 H19 


972 UOsa;duio7 


Chl parajdwoz 

¥ baled pesnjay 

(4 2142) as) 

941 sppoyasnoy 21413114 
0004 


. 


noay Apnig Aq sayey vio 6 FIqeL 


aia 


T00° 


hee 


100'> 


(d) 


** 6€°CT 


* THT 


LE°TL 


BE9C 


(S]013U0D SA posodxg) 
(z*) 


601 


942 


€6€ 


LET 
£8 
G2 

I 


$]JO1}UO7) 
soy jo uolNqII SIG 


Teh 


AZT 
TS 
91 


pasodxy 


SOMSTIOeIeYD pjoyasnoy pawayes Aq 


*1S91 3Y} SNS19A UOTSUdYaIdWOD , J [NJ,, UO paseq ye x 


*}S91 DY} SNSIDA ,UOTJLI9d0-0d a3a[dWIOD,, UO paseg 


SOTZINITFFIP 
yetjueysqns (5) 
suojsanb awos 

uo ajya;Tdwod 10U 
‘poo Ay esauad (q) 


TINF (®) 


uoT}eJad0-0d jo 

ORT feTUeISqns (D) 
(suonsanb yye uo 

uado ATjnjz jou) 
uoT}e4ad0-od [esauad (q) 
a2 ]dWOD (ke) 


(a3ue.) 
ue IPayW 


poequs 
pauMo 


9JOW JO 000‘Oh (2?) 


666‘6€-0€ (P) 


666'62-02 (2) 
666‘6I-OT (9) 
000‘OIS UeY? Ssoay (ke) 


S3110d39}®7) 


re * 
(JUSWSSassY Ja M9TA194U]) 
uotsuayaid wos Jo JaaAaq °c 
(juawssassy 
Ja MATAJajUT) UOTJEIBad0-05D 
JO 99189q sjuapucdsay °F 
azig ATwey °¢ 
aUWOY 
quaiInD JodmsisuMO °Z 
E86] ‘Saxe d10Jaq 
awooul Afiwejye1yoy] =] 


SONsTepeIeYD 


WwoD *01 PIFeL 


52 


ehieletwn tal”) Olatsaeitt ba hcale? yd Sqioy te gills sagrac> 00) w 


| als 
esas A de ool ees) are eirberisue? 


brig>* é on hA ‘ ayn we 


£€0° 


vr 


€0l° 


¢¢0° 


100> 


100°> 


sJonu0D 
SA 


pasodxq 
resay 


nS *h 


99°% 


OL 


**Z00°6h 


6L°9€ 


901 
9CE 


60] 
ESE 


CEC 
gs 


cz 
he 
ral 


68 
£8 


yUaDNy 


Zt 
808 


66] 
12Z 


Lh 
02 
l€ 


£6] 
611 


SIDAOW 


sasuodsay yo UoTNginsiG 


29 
LC 


4 

I 
69] 
6€2 
68€ 
Zl 


12] 
1h] 
66 


OSE 
Z¢l 


sjomu0D 


*sajsodayeo 


heh 
lest 


gos 
cen 


0¢cL 
Cz 


869 
L62 


cI 
ZI 
hh 
L6E 
TI¢ 
VI 


68 


IZ] 


BZ 
66€ 
782 


posodxy 


sapqee, Jydesdowapols0g payoajas Aq sdnoiy pms Jo Ayiqearedinoy sy] aqey 


wPP4119Y, pue ,padojduraun,, 4,1Uuapny¢,, Suyu;quiod uo P2seqd ae 


JayIO 
ysijdug 


INO 
epeues 


ou 
sak 


ou 
sak 


pe4tyat (J) 
pafojdtuaun (3) 
ayimasnoy (p) 
JE][OI anyq (2) 
JejJOD aIVYM (q) 
juapnys (e) 


Asepuodas 

-1s0d 1ay}0 payajduioa (?) 
adojjoo saydeay 
/Aysaaayun payapdinod (p) 


Ayisaaayun/Aiepuosas 
-jsod auios (°) 


€1 01 4 apesd (q) 
$Sa] 10.Q] apeid (e) 


Sayi0dayey 


(syoa{qns j]e) 
pauseay ysayy aden3Bue7 


(sy2.a(qns []e) 
Yd4iq JO Aljyunos 


(@2uapisas yssy yo 

Sul}? Je Japjo Jo sueak g] 
asoyy) gSase3 40 Sawing 
JEDUIat|d Yy_M aIOU JO 
dead & 40] paxiom Jaaarers 


£ (@Duapysaa 
YSN} JO ausyy ye Japjo 
Jo savak 9] asoyr) y gol 
Aysnp e& uy asour 20 sead 
© JO} Pdx4JOM Java “ee 


*aduapisal 

ISA JO auryy ye 

4apyo Jo sivadk g] asoyy 
JO u0}}edN330 yuaisNd ++ 


(A]uo 

MAaTAII]UT JO aul) 7e 
ade yo sieak 

¢Z as0y}) ,payajduioo 
sey yey 
BUJOOYDS Jo Jara] 
isaydy ayy sp yeym 


UOTSANO 


a 


53 


ocr 


ws 


, 


e's 


fig »-t382 


sti Lg if cortinn Verna 1° 


oon ees 


® e227 66 « sivas 
7 a= 
nd 


| “OT! : + | | | 
eal ee | 
| oop ale | 
AURA | 
| | i 
| a0. 
as | 
| | | 
4 | | 
Pi I | i i | 
| - y 
| | | 
| 


| 
| 
\ 
| 
aeoee ~ 
| 
| 


| ; : 
bey Bt ee a 
an eceatere 
ot | aeeeunee 
7 ‘ Oye 
7 |] ]) stenpripur 
a TG} 1!) iuopaaog 
i | | | |WoLa4odoud 

is ease ccd hese 

ls s¢02 


| 
| 
} 
| 
| 
{ 
{ 


! , 
incite ile, : ae! 
erica! 


wine LUD. Pee oe pated = 
| | t,29Uaptsay FS4Ly JO awl ze UOLINqLaqsiq aby || 


54 


Hii jal <a 
SVS 


| 


Me 


i 


rill 
iit J ' 


iM 
— 
~< 
& 
; 
an > 


— 


Tt 


st 


| : 
D } 
ne | rs 
p> mn 
a | 
4 , 
gs g ” 
1) bene | 
ives 
an > 
i 
, | i 


i} 
bat 
} 
i 
j 
; 
{ 
{ 
| Ln 
} Ln 
4 
aby 


| 


uoLq4O0dOud 
7 


i 


M 


SSS 


ii : 


households 12.8 percent had incomes of less than $20,000, while 21.2 percent 
were $40,000 or more. These differences were highly statistically 
Significant, but do not suggest that the main study groups fall into separate 
income quintiles within the Canadian range. Health status differences by 
Socioeconomic status in Canada have been measured between income 


quintiles but not within them. 


The lower income distribution in exposed households was matched bya 
higher proportion of renter families (Table 10). This observation precipitated 
a search for flaws in control selection, since it seemed to conflict with real 
estate and neighbourhood planning information. The Ontario Housing 
Corporation had initiated a series of special programs during the early 1970's 
which allowed builders to sell houses at lower than their usual market value, 
and provide the OHC with 10 percent of the units for rental purposes. The 
housing size, type, and re-sale value criteria used to match communities had 
masked these differences. Even in retrospect, however, no other Hamilton 


community would have made a better match. 


Family size and respondents' degree of co-operation were similar (Table 
10). The interviewer-assessed level of comprehension showed no difference 
in proportion of respondents with substantial difficulties understanding the 
questionnaire, but a greater proportion of exposed respondents showed less 


than full comprehension. 


Table 11 compares groups by individual subject characteristics. The 
modal education level for each group was completion of grade 11 to 13. Once 
again, the distribution was higher among the controls. Nineteen percent had 
completed grade 10 or less, while 31.6 percent had completed college or 
other post-secondary. Among exposed households 29.1 percent had completed 
grade 10 or less, while 21.7 percent had completed college or other post- 
secondary. The exposed group had a higher proportion of blue collar than 
white collar workers while the control group had the reverse. Fortunately, 


these differences were not reflected in the experience of dusty jobs or work 
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with industrial chemicals. Among exposed individuals, 29.8 percent reported 
work on dusty jobs compared to 25.8 percent in the controls. Chemica! fume 
and gas exposure was reported by 24.6 percent of exposed individuals and 21.4 


percent of controls. 


No differences were seen in the proportion of subjects born outside of 
Canada. Small differences were found in the proportion of individuals whose 
first language was English (77.9 percent of exposed, 80.8 percent of controls). 


The most common second language of both communities was Italian. 


Figures 4 and 5 give the age distribution at time of first residence for 
adults and children respectively. The modal age at first residence was 26-30 
for all groups. The controls were slightly older than the exposed groups; 11.1 
percent of controls and 9.7 percent of exposed were over 45, while 29.1 
percent of exposed and 20.5 percent of controls were under 25 at first 
residence. Gender balance was similar: 47.7 percent of exposed adults and 
49 percent of controls were male. Among children, the age distribution at 
first residence was highly comparable for exposed and controls (Figure 5). 
The high proportion of children who entered the study at age 0-5 
demonstrates that the sampling strategy matched communities which were 
attracting young couples starting families. Among exposed children, 49.7 


percent were male, while 48.7 percent of control children were male. 


(c) Health Habits 


Table 12 describes the smoking and drinking habits of adults in all four 
study groups. Statistical analysis was confined to the exposed and controls 
groups. No differences in drinking habits were found. Forty percent of 
exposed adults, but only 26.8 percent of controls were current daily smokers. 
The difference in proportions who had ever been daily smokers was similar; 
56.9 percent of exposed and 47.3 percent of controls. Table 13 shows that 


the age of first smoking was similar for current smokers in both study groups. 
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Table 13: Age At Which Smoking Began* 


GROUPS 

Age Exposed Controls Movers Recent 
0-15 158 76 D2 32 
16-20 242 145 116 67 
21-30 a2 31 a2 v 
31-45 ip 5 4 0 

459 257 204 106 
x23= 1.85** 
p(x2) = .60 


* question related to all current daily smokers 16 years and older at time of interview. 


** based on "exposed" versus "controls". 


ag 


Analysis of Adult data 
(a) Main Analysis 


Table 14 shows the analysis of the main hypotheses. Conditions are 
divided into five organ-system groups. Four of the five are composed of 
more than one condition. The combined organ-system variables included the 
first event among the contributing conditions which occurred after first 
residence in the qualifying household. Each individual condition and organ- 
system group was analyzed using the Cox proportional hazards model as 
described in the materials and methods section. Only the exposed group 
(1000 to 4000 series) and controls (5000 to 6000 series) were included. Table 
15 shows the confounding variables which were entered in each analysis. For 
some sybanalyses, certain variables did not remain in the final model, based 
on a "p to enter" of 0.10 and 2 "p to remove" of 0.15. These are shown in 
Table 14. To adjust for multiple testing, a one-tailed alpha of 0.01 was 
adopted for each organ-system group (2.02, where n = number of organ- 
system groups). Analysis of conditions within the organ-system groups were 
used to identify the prinicpal components of exposed-controls differences. 
This purpose was largely descriptive, but an alpha of 0.01 was applied to 
identify which conditions could be thought to be independent contributors to 
exposed-control differences in health status. An alpha of 0.01 is rational 


because there are four to five conditions within each organ-system group. 


Table 14 shows positive associations between residence adjacent to the 
landfill and four of five organ-system groups: respiratory, skin, narcotic 
symptoms, and mood symptoms. Each association was strongly positive, with 
relative risk greater than 1.50 and p less than 9.001. The principal 
contributing conditions within the respiratory group were "attacks of 
bronchitis", "shortness of breath", and "periods or episodes of cough and 


phlegm lasting for three weeks or more". "Recurrent or severe problems 
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Table 14: Risk Of Adverse Health Outcomes Associated With Landfill Site Exposure 
I. Main Hypotheses - Adults 


Condition Confounding Variables N of Events Eligible Subjects Person Years Relative p(RR)** 


in Model* Exposed Controls Exposed Controls at Risk Risk 


Exposed Controls 


1. Combined Respiratory all 149 91 997 839 6970 6753 1.56 <.001 
(a) attacks of bronchitis all 44 21 956 304 7004 6689 2.07 -004 
(b) chronic bronchitis all 8 7 982 $30 7375 6936 1.04 47 
(c) shortness of breath all 48 21 972 830 7145 6884 2.00 .005 
(d) cough & phlegm all $3 53 972 824 7079 6766 1.55 .007 
2. Combined Skin - all 130 68 997 839 6984 6763 1.76 <.001 
(a) recurrent or severe b 59 23 964 814 7022 6722 PELY2 ¢.001 


problems with scaly, 
dry, or itchy skin 
(b) recurrent or severe b 31 15 9380 817 7288 6796 1.93 05 
problems with skin 
rashes or hives 


(c) recurrent or severe b,e,f 8 5 990 834 7419 6965 E92 -13 
problems with unusual 
ame 

(d) recurrent or severe b 36 23 979 827 7259 6849 1.53 -06 
problems with boils, 
warts, cysts 

(e) white or dark patches b 18 10 992 830 7409 6924 1.66 99 
on the skin 

3. ‘combined Narcotic all 170 67 997 339 6809 6764 2.29 ¢ .001 

Symptons 

(a) frequent or severe a,b,e,f 106 4] 914 767 6465 6257 2.21 < .001 
headaches 

(b) frequent dizziness or b,f 38 13 992 834 7362 6949 2.65 Ol 
blurred vision 

(c) constant fatigue, b,e 63 22 986 833 7203 6917 2.54 <.001 
lethargy, drowsiness 

(d) problems with balance b 13 8 987 833 7398 6952 1.54 17 


co-ordination, reaction 
time, clumsiness 


4. Combined Mood F all 129 66 997 339 7035 6740 1.70 <.001 
(a) trouble sleeping | b,c,f 63- 4] 974 819 7101 6738 1.30 -10 
(b) frequent feelings of a,b 62 23 966 822 7073 6791 2.50 <€.001 
anxiety or depression 
(c) frequent feelings of b,c,e 43 20 983 833 7252 6869 Dele -01 
irritability 
(d) frequent feelings of b,c,e 17 8 988 838 7350 6898 1.96 -08 


hyper-activity, 
restlessness, trouble 
sitting still 


(e) learning or memory -—— 4 I 997 $39 7483 7027 - 12 
disorders 
5. Muscle Weakness — 15 8 997 838 74 56 6999 1.36 -09 


(arms, legs, hands or feet) 


* see Table 15 for guide of confounding variables. 


** o(RR) based on -Z-distribution, one-tailed. 


ones Wee 


Table 15: Confounding Variables Entered In The Models -— Adults 


I. Respiratory Conditions 


age (linear + 5 year 
categories) 

sex 

ever smoked daily 

ever worked in a dusty job 
ever worked with fumes 
Or gases 

highest level of schooling 


II. Skin Conditions 


age (linear + 5 year 
categories) 

Bex 

ever worked with chemical 
fumes or gases 


highest level of schooling 


(a) 
(b) 
(c) 
(d) 
(e) 


(f) 


(a) 
(b) 


(e) 
(f) 


III. Narcotic Symptoms 


age (linear + 5 year 
categories) 

sex 

ever smoked daily 


ever worked with chemical fumes 
or gases 


_ highest level of schooling 


IV. Mood Symptoms 


age (linear + 5 year 
categories) 

sex 

ever smoked daily 


ever worked with chemical fumes or 


gases 
highest level of schooling 


V. Muscle Weakness 


(see Mood or Narcotic symptoms) 


GZ 


(a) 
(b) 
(c) 


(e) 
(f) 


Ks 


yy Foca Tar 
as - - a oe 2 


- fo riage “ gnome we 


with scaly, dry, or itchy skin" was the principal contributor to the skin group. 
"Frequent or severe headaches", "frequent dizziness or blurred vision", and 
"constant fatigue, lethargy, drowsiness" were the principal contributors to 
the "narcotic" group. "Frequent feeling of anxiety or depression" and 
"frequent feelings of irritability" were the principal contributors to the 


"mood" group. 


Subanalyses were carried out on the combined respiratory, skin, 
narcotic, and mood groups and not on the individual conditions within those 


groups. Muscle weakness was excluded from further analysis. 


(b) Gradient Analyses 


Tables 16, 17, and 18 relate the organ system groups of interest to 
proximity of residence to the landfill and duration of residence adjacent to 
the site. Table 16 gives three-point analyses by those living with 500 metres 
of the landfill (1000 and 2000 series), 500 - 750 metres from the landfil! (3000 
and 4000 series), and controls. Statistical methods, inclusion of events, and 
confounding variables were similar to the main analyses; except that the 
outcome variable was the linear trend of incidence rate by proximity to the 
landfill. All four organ-system groups show Statistically significant linear 
trends (p 0.001 in all cases). A monotonic trend in crude incidence rates is 
evident for respiratory, narcotic and mood systems. The crude incidence 
rates of skin symptoms do not show a monotonic trend. The statistical linear 


trend is based on the main differences between exposed and controls. This 
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observation led us to consider whether or not skin symptoms might be more 
Closely related to direct skin contact through recreational activities in and 
around the landfill area. An analysis of exposed adults showed that 28.6 
percent of those reporting such recreational activities also reported one or 
more skin symptom, while 11.9 percent of those not reporting these activities 


reported skin symptoms. (x2 = 16.02, p = .00006). 


Table 17 repeats the analyses in Table 16, but confined to the subgroups 
adjacent to the landfill or in the control community for three or more years 
during the peak period of dumping (1000, 3000, and 6000 series). Strongly 
positive, monotonic linear trends are evident in all analyses. Table 18 
repeats the same process for those who spent less than 3 years in their 
qualifying community during the peak period of dumping. (2000, 4000, and 
5000 series). No linear, monotonic trends were found. These data support a 
"duration of residence" gradient in incidence rate for the main health 
conditions of interest. Analyses comparing long-term directly with short- 
term residents were avoided because they involved non-concurrent 
comparisons. Although the Cox model can adjust for non-concurrent starting 
times, it is not safe to assume that the level and type of exposure to landfill 
emissions was constant at all times. Thus, short-term exposure may have 
been confounded by higher (or lower) average emissions. This would not 
explain the observation that the crude incidence rates in Table 18 for the 
short-term residents 500 - 750 metres from the landfill (4000 series) were 


often higher than for the other short-term residents nearer the site. 


The gradient by "proximity to landfill" is better addressed by Table 19 
than by Tables 16 to 18. In this analysis, the designation of household by 
sugbroup was removed and replaced by the distance of each individual home 
from the closest edge of the landfill. This allowed calculation of a monotonic 
trend within the exposed group, free of confounding due to differences with 
the controls. The analysis was carried out after peer review of the report 
and suffers from the weakness that the sample of landfill area residents was 


not identified at the outset of the study to meet criteria for it. In 
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Table 19: Risk Gradient by Proximity of Residence to Landfill Site: 
Exposed Group Only by Individual Household Distance 
From Site (Adults 


Condition x2(trend) (p) Risk Reduction 
per 100 Metres from Landfill* 


re ee ee 
Long-term Residents 


1. Combined 


Respiratory 4.74 O15 -17% 

2. Combined 0.79 -186 -3% 
Skin 

3. Combined 6.66 -005 -18% 
Narcotic 

4. Combined 4.94 013 -18% 
Mood 


Short-term Residents 


1. Combined 14 -65 +4% 
Respiratory 

2. Combined 74 -80 +11% 
Skin 

3. Combined ° 1.61 <90 +12% 
Narcotic 

4, Combined ohh -70 +5% 
Mood 


* based on the slope of the exponential coefficient for distance from landfill 
given confounding variables, in the proportional hazards model. This should be 
interpreted as "for each 100 metres from the landfill, the risk decreased X% 
from the level 100 metres closer." 
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particular, we did not extend sampling beyond 750 metres and into areas we 
thought were "unexposed". Also, we did not assume that meteorologic 
patterns in the area would distribute air pollutants in a monotonic decline, 
metre-to-metre from the landfill. So interpretation of this data has been 


made in a more descriptive fashion than other data in the report. 


Table 19 shows a monotonic trend in risk reduction by distance from the 
landfill among long-term residents for respiratory, narcotic, and mood 
symptoms. The trend for skin symptoms was much weaker, as expected from 
Tables 16 to 18. The trends among short-term residents were weak, and were 
not in the direction of risk reduction by distance from the site. These results 
suggest a gradient of effect by proximity to the landfill site for the long- 


term residents. 


(c) Migrator Effects 


Table 20 compared the movers (8000 series) to the exposed group (or 
"non-movers") and Table 21 compared the movers to the controls. The 
pretest expectation was that the movers would have similar health status to 
the exposed group. Table 20 shows that this was true for skin, narcotic, and 
mood conditions. Respiratory conditions differed in that there was a trend to 
a lower incidence rate among migrators. These observations were mirrored 
in Table 21, where large differences in incidence rates were found between 
movers and controls for skin, narcotic, and mood, but not for respiratory 
conditions. These data suggest that migrators were more like exposed 
residents than controls in health status. Table 26 divides the follow-up period 
at the end of 1980 so that tempered changes in the risk of new health 
problems can be compared between migrators and non-migrators. This table, 


and the discussion in Section (g) more directly address the evidence of a 


migrator bias. 
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(d) Health status differences - controls versus recent residents 
ee ee ee — COMTOIS Versus recent residents 


Table 22 compares controls with those who moved into the landfill area 
after the site was closed. All health problems reported from 1972 to the 
time of interview were included, regardless of whether or not they were 
reported before the household had moved to the qualifying location. This 
approach allowed for a concurrent analysis, based on the premise that the 
health of the two groups ought to be similar unless the landfill site area 
attracted residents who were less healthy than other members of the 
community. Table 22 shows no statistically significant difference in 
incidence rates of the main groups of conditions. Moreover, the relative risks 
are all close to 1.0. The landfill site area does not appear to attract people 


who are less healthy. 


(e) Secondary Hypotheses 


Criteria for identifying secondary hypotheses were described in the 
"Background" section of this report. Table 23 gives the results of the Cox 
model analysis comparing the exposed group (1000 to 4000 series) with 
controls (5000 to 6000 series) for these ten secondary hypotheses. Analyses 
were declared "positive" when the p(RR)x 0.005, which is 0.05/10. Only one 
condition, "red, itchy, watery, sore dry or inflamed eyes", achieved this level 
of statistical significance. Subanalyses comparable to those done on the main 
hypotheses were subsequently conducted on this condition. These are 
described ‘in the next section. Inspection of Table 23 demonstrates that 
Statistically non-significant trends towards increased incidence rates were 


seen for several other irritant and respiratory conditions. 


4 


(f) | Subanalyses of "Red, Itchy Eyes" 


Table 24 shows the subanalyses for "red, itchy eyes". Like the main 
hypotheses, gradient analyses by exposure subgroup showed a monotonic trend 


among short- and long-term residents combined and long-term residents only, 
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but not among short-term residents. Analysis by proximity of residence to 
the landfill among exposed residents showed a risk reduction of 16% per 100 
metres distance from the landfill (x2 = 2.36, p = .062) for the long-term 
residents. Among short-term residents, there was no evidence of risk 
reduction by distance from the landfill. No differences in rates of health 
problem reports were found when movers were compared with exposed 
residents who did not move. However, differences in incidence rates between 
movers and controls (expected if migrators were like non-migrators) were not 
Statistically significant. Either a migrator bias exists or else the original 
effects of landfill site exposure have been masked by inclusion of follow-up 
time after the migrators left the landfill area. This issue is addressed in 
section (g) and Table 26, where analyses of health events before and after the 
end of 1980 are considered separately. Comparison of recent residents to 
controls (1972 to 1984) did not reveal any evidence that those attracted to 


live near the landfill were more prone to eye irritation. 


(g) Analysis of Events Occurring Before 1981, and 1981-34. 


Table 25 repeats the main comparison of the primary and secondary 
hypotheses including only health events occurring before 1981. Thus, the 
analyses are confined to the time when the landfill site was open to waste 
disposal. Since most of the conditions contributing to the organ-system 
groups (and red, itchy eyes) were acute, it could be expected that any 
differences seen in incidence rates should have emerged before the site 
closed ( ahd presumably, exposure declined). If this were not seen, one of 


three hypotheses would have to be entertained: 


i. Exposure continued at significant levels after the site closed. 
iit The conditions of interest have a latent period between exposure and 


outcome. 


iiij The conditions were unrelated to chemical exposure at the landfill. 
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Table 25 should be compared with Table 14 (and, in the case of "red,itchy 
eyes, with Table 23) to see what happened. Relative risks for respiratory, 
skin, and narcotic conditions were elevated when events occurring before 
1981 were considered. The relative risks for mood conditions and red, itchy 
eyes were slightly lower, though not enough to require invoking one of the 


hypotheses just described, to explain it. 


Table 26 presents the relationship between migrators and non-migrators 
including all events before the end of 1980, then all the events after that 
time. The period before 1980 represents both the time when the landfill site 
was open and the time when (virutally) all the migrators were still resident 
near it. The period after 1980 (1981-84) represents the time after the site 
was Closed and after the migrators had left the area. The table shows that, 
in all cases, the relative risk (non-migrators/migrators) increases between the 
two periods. For all except "red, itchy eyes", the relative risk before the end 
of 1980 is less than 1.00. This means that the migrators were complaining of 
more first events of the target health problems than the non-migrators 
before they left the area, but fewer thereafter. The former observation may 
be interpreted as a conservative migrator bias (supports positive results in 
the main analyses). This is because, were the migrators to be included with 
the other exposed groups (non-migrators) in a comparison with controls, the 


estimated relative risks would have been increased. 


The observation of relative risks greater than 1.0 after the end of 1980 
is less readily explicable. This could represent a "survival effect" inherent in 
analyzing the latter part of a follow-up period after early health outcomes 
have been counted. The only relative risk greater than 1.0 for which the 95 
percent confidence interval did not include 1.0 was for respiratory conditions. 
Alternately, the three hypotheses described two paragraphs ago must be 
considered. Of these, the first and third are most reasonable. This issue will 


be addressed in more detail in the Disucssion section of this report. 
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Table 26: Migrator Effects (Adults)-Relative Risks Before and After 1981, 


Non-Movers Non-Movers Versus Movers Movers 


ys) 


Condition Relative Risk (Non-mevers) (p)* 95% Confidence Li. 
Movers 
1. Combined (a) to 1980 83 400 $55=1628 
Respiratory (b) 1981-84 2.60 0003 1.45-4.65 
2. Combined (a) to 1980 98 912 63-1.52 
Skin (b) 1981-84 (28 296 79-2.08 
3. Combined (a) to 1980 39 201 56-1.13 
Narcotic (b) 1981-84 1-28 .267 81-2.02 
4. Combined (a) to 1980 .62 .033 .40-.96 
Mood (b) 1981-84 1.23 365 7720-93 
5. Red, itchy (a) to 1980 1.02 96 521-98 
eyes (b) 1981-84 1.37 Zi ieee e) | 
* 2-tailed 
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Condition 


Combined 
Respiratory 
Combined Skin 
Combined Narcotic 


Combined Mood 


Red, Itchy Eyes 


Groups 


Exposed 
Controls 


Exposed 
Controls 


Exposed 
Controls 


Exposed 
Controls 


Exposed 
Contrals 


N of Events 


72 
36 


68 
30 


98 
36 


56 
38 


33 
22 


Incidence 
(per 1000 person-years) 


Relative 


Risk 


2.01 


1.51 


1.60 
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(h) Controls versus recent residents after the landfill site closed 
eect residents alter the landfill site closed 


A second comparison of controls and recent residents is found in Table 
27. This analysis included only events occurring after the recent residents 
moved into the landfill area. To make it concurrent, Only events occurring 
after 1980 were included for controls. This analysis looked for evidence of 
effects of ongoing exposure after the site was closed and capped. A trend 
toward increased incidence rates for narcotic symptoms was found. This did 
not reach pd0.0l, adjusted for multiple testing. No other trends were seen. 
This is in contrast with Table 26, which suggests that those who lived near 
the landfill during the period when it was open, continued to have increased 


rates of target health problems after the site was closed. 


(i) Screening Analyses for Hypothesis Generating 


Table 28 shows four other conditions or groups of conditions which were 
regarded as important outcomes of the study but were not part of the 
hypothesis base. These were screened for evidence of association with 
landfill site exposure using the Cox model approach. No effect was seen for 
"frequent, prolonged bruising", "problems with resistance to disease or seem 
to get sick easily", or for "cancer, leukemia, lymphoma, Hodgkins Disease". 
One of four renal conditions, "repeated bladder/urinary tract infections", 
showed a relative risk of 3.17 (p = .002) but too few events were reported to 


attempt subanalyses. 


(j) Conditions not thought related to landfill site exposure 


Table 29 identifies the 25 conditions which met the criteria described in 
the Methods section as "not being related to landfill site exposure". Many of 
these conditions are closely related biologically, and cannot be viewed as 25 
independent conditions for the purposes of analysis. This analysis was 


designed to answer the question, "Are differences found between the exposed 
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and control groups in the main analyses merely a reflection of global 
increases in health problem reports, or are they specific to the hypothesized 
conditions?" To answer this question, the table is meant to be interpreted as 
a whole, rather than line-by-line. Inspection of the "risk ratio" column 
reveals ten values below 1.0 and 15 above it, suggesting no overall trend 
among these conditions. However, risk ratios greater than 4.0 are found for 
three conditions: "loss of appetite", "loss of weight", and "burns requiring 
admission to hospital". Because the first two of these conditions are so 
Closely related biologically, they were combined in a Cox model analysis 
which was reported at the bottom of Table 29. It turned out strongly 
positive. These conditions were missed in the hypothesis-generating exercise 
because they did not have biological credibility as outcomes of airborne or 
recreational exposure to an uncharacterized mixture of volatile organics, 
dusts, and fumes. This finding may be evidence of the psychological effect of 
residence adjacent to a landfill or it may be related to exposures not properly 


understood yet. 


Analysis of Child Data 


(a) Main Analysis 


Table 30 shows the analyses of the main hypotheses among children 
(that is, those younger than 16 at time of first exposure). The conditions are 
the same as those of the adults. Because they were identified in a study of 
adults (landfill workers), they are likely more applicable to adult residents 
than to children. For this reason, the secondary hypotheses found later are 


an important supplement. 


Methods of analysis were the same as for the adults. Table 31 gives the 
list of confounders available for entry into each model, while the confounders 
actually entering are listed in a column on Table 30. Positive associations 
with landfill site exposure (p<0.01) were seen for skin, narcotic, and mood 
symptoms. The association with narcotic symptoms was particularly strong, 
with a relative risk of 3.27. Respiratory conditions were less closely 
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Table 31: Confounding Variables Entered in the Madels - Children 


I. 


Respiratory Conditions 


age (linear & 5-year 
categories) 

sex 

family income 


any parent a daily smoker 


II. Skin Conditions 


age (linear & 5-year 
categories) 

sex 

family income 


(a) 
(b) 
is) 
(d) 


(a) 
(b) 
(ce) 


Ill. 


IV. 


87 


Narcotic Conditions 


age (linear & 5-year 
categories) 

sex 

family income 


Mood Conditions 


age (linear & 5-year 
categories 

sex 

family income 


Muscle Weakness 


age (linear & 5-year 
categories) 

Sex 

family income 


(a) 
(b) 
(c) 


(a) 
(b) 
(c) 


(a) 
(b) 
(c) 


re i 
“os 
fh. 
Cag 
=e 
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associated (relative risk = 1.30, p= 0.045), but they were reanalyzed in Table 


42 using events from 1980 and before. The principal contributing conditions 


were: 
skin - "recurrent or severe problems with boils, warts, cysts" 
- "recurrent or severe problems with scaly, dry, itchy skin" 
narcotic - "frequent or severe headaches" 
mood - "frequent feelings of hyperactivity, restlessness, trouble 
sitting still" 
respiratory - "periods or episodes of cough or phlegm lasting for 3 weeks 


or more". 


As in the case of adults, "muscle weakness" was not found to be associated 


with landfill site exposure and was excluded from further analysis. 


(b) Gradient Analyses 


Tables 32, 33, 34 and 35 show the risk by proximity of residence to the 
landfill and duration of exposure. These analyses are less valid for children 
than adults because attendance at neighbourhood schools and participation in 
outdoor activities in the local area tended to make location of residence a 
less valid predictor of each child's exposure to the landfill site. Table 32 
includes short- and long-term households together. Although the linear trend 
is "statistically significant" for skin and narcotic symptoms, and "borderline" 
for mood symptoms, only skin symptoms show a monotonic trend in incidence 


rate. 


Table 33 is confined to long-term households. Here, monotonic trends 
are evident for respiratory, skin, and mood symptoms. Only skin symptoms 
meet both statistical and monotonic trend criteria. This was the reverse of 
the adult analysis, where montonic trends were found for all but skin 


symptoms. Once again, skin symptoms were closely associated with 
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Table 35: Risk Gradient by Proximity of Residence to Landfill Site 
E 


xposed Group Only by Individual Household Distance 
From Site (Children) 


CONDITION x2(trend) (p) Risk Reduction 
per 100 Metres from Landfill* 


eee 
Long-term Residents 


1. Combined 


Respiratory 83 -180 -9% 

2. Combined 87 ou Wg -3% 
Skin 

3. Combined <16 345 4% 
Narcotic 

4. Combined PZ 145 -13% 
Mood 


Short-term Residents 


1. Combined -67 5707 +12% 
Respiratory 

2. Combined 43 ey +8% 
Skin 

3. Combined 174 3099 -21% 
Narcotic 

4, Combined -00 486 +1% 
Mood 


* based on the "slope" of the exponential coefficient for distance from landfill, 
given confounding variables in the proportional hazards model. This should be 
interpreted as "for each 100 metres from the landfill, the risk decreased X% 
from the level 100 metres closer." 
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recreational activities adjacent to the landfil! site. Twenty-four percent of 
landfill area children reporting such activities and 13.3 percent reporting no 


such activities also reported one or more skin symptoms. (x2 = 9.04, p = .003), 


Table 34 shows the short-term households. None of the analyses meets 
the statistical criterion for linear trend. This time, the most clearly 
discernible monotonic trend is for narcotic symptoms. Overall, only skin 
symptoms met the pre-set criteria of a linear trend present among combined 


long- and short-term households, as well as in long-term households alone. 


Table 35 analyzes risk gradient by individual house distance from the 
landfill, excluding controls. No gradients achieved adequate levels of 
Statistical significance to warrant interpretation. This is consistent with the 
findings of Tables 32, 33 and 34. 


(c) Migrator Effects 


Migrator bias among children was assessed the same way as for adults. 
Table 36 compares "movers" with "non-movers", and Table 37 compares 
"movers" with "controls". No statistically significant differences were seen 
between movers and non-movers for any of the four major organ-systems. 
Estimates of relative risk ranged from .79 to 1.25. Table 37 shows 
differences in relative risk between movers and controls for skin, narcotic, 
and mood conditions. No elevated risk was noted for respiratory conditions. 
Overall these data suggest that migrators were more like exposed residents 
than controls in health status. The issue of migrator bias is further explored 


in Section (g) and Table 43. 
(d) Health Status Differences - Controls Versus Recent Residents 


Table 38 compares "recent residents" with "controls" using events from 
1972 until the date of interview. By ignoring the date of first residence in 


the qualifying household and including many years prior to landfill site 
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exposure for recent residents, the analysis is, in effect, a comparison of the 
health status of two unexposed populations. Like the comparable adult 
analysis, no statistically significant differences are seen. The relative risks 
range from .72 to 1.45. There is no evidence that the landfill site attracted 


less healthy children as residents. 


(e) Secondary Hypotheses 


Criteria for identifying secondary hypotheses were described in the 
"Background" section of this report. Table 39 gives the results comparing the 
exposed group with controls. Since there were ten hypotheses, they were 
declared "positive" when the p(RR)<0.005, which is 0.05/10. Two conditions 
reached this level of significance: "five or more colds per year" and "red, 
itchy, watery, sore, dry or inflamed eyes". This latter condition was also 
found among exposed adults. In addition, high relative risks were seen for 
"wheezy or whistling chest for most days or nights throughout the year" and 
"numbness, tingling, prickling, or loss of sensation on arms, hands, legs, and 
feet". It is tempting to incorporate these into their respective organ-system 


groups, but this would destroy the a priori basis of the hypotheses. 


"Five or more colds per year", and "red, itchy eyes" have been 
reanalyzed in the same manner as the main hypotheses, and are presented in 


the next section. ; 


(f) Subanalyses of "Red, itchy eyes" and "Five or more colds per year" 


Table 40 shows the subanalyses for red, itchy eyes. There is no 
evidence of monotonic trend of risk in any of the gradient analyses. Analysis 
by proximity of residence to the landfill among the exposed children showed 
no risk reduction by distance from the landfill, either for long-term or short- 
term residents. Comparison of movers versus non-movers shows evidence of 
reduced risk among the movers. Comparison of movers with controls shows 


an elevated risk among movers. The recent residents have a higher incidence 
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rate of red, itchy eyes than the controls, but this does not reach a high level 
of statistical signficance. Taken together, these latter three results suggest 
either a migrator bias or an effect of ongoing exposure after the landfill site 
closed. This issue is addressed further in Section (g) and Table 43, where 
analyses of health events before and after the end of 1980 are considered 


separately. 


Table 41 shows the subanalyses for five or more colds per year. A 
monotonic gradient of risk is seen in all three gradient analyses. Borderline 
levels of statistical significance are seen for the overall analysis and the one 
confined to long-term residents, but not for the short-term residents. This is 
as a result of smaller numbers of events and person-years among the short- 
term residents. The analyses of migrator effects give no evidence of bias. 
Analysis of recent residents versus controls suggests that those who moved to 
the landfill area after it closed had been experiencing a higher frequency of 


colds before they moved into the area. 


(g) Analysis of Events Occurring Before 1981, and 1981 - 84 


Table 42 shows the reanalyses excluding events occurring after the 
landfill site was closed. It includes only the "exposed" and "control" children, 
and should be compared with Table 30. Did the health status differences 
identified in Table 30 develop before the site was closed? By comparing 
relative risks, it can be seen that this had occurred for skin, narcotic, and 
mood conditions. Also, there is evidence that by 1980 there was a difference 
in the incidence rates of respiratory conditions which began to disappear 
after the site was closed. Comparison with Table 39 shows that the increased 
incidence rate of red, itchy eyes had also developed before the site was 
closed. This was not true for "five or more colds per year", for which 


differences in incidence rates developed after the site was closed. 
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Table 43 presents the relationship between migrators and non-migrators 
including all events before the end of 1980, then all the events after that 
time. The period before 1980 represents both the time when the landfill site 
was open and the time when (virtually) all the migrators were still resident 
near it. The period after 1980 (1981-84) represents the time after the site 
was Closed and after the migrators had left the area. The table shows that, 
in all cases, the relative risk (non-migrators/migrators) increases between the 
two periods. These results suggest a migrator bias, but do not suggest that 
the main analyses were, in general, conservatively effected by it. In the case 
of "skin" and "mood" conditions, the "relative risk to 1980" is less than 1.00, 
suggesting that excluding movers from the main analysis would have reduced 
the overall risk estimate. But this is not true for "respiratory," "narcotic," 


and "red, itchy eyes," where the "relative risk to 1980" is greater than 1.00. 


The observation of relative risks greater than 1.0 for 1981-84 is not 
readily explicable. The possibilities are: a "survival effect" related to 
analyzing the latter part of a follow-up period after early health outcomes 
have been counted; exposure continued at significant levels after the site 
closed; the conditions of interest have a latent period between exposure and 
outcome; and the conditions were unrelated to chemical exposure at the 
landfill. It should be noted that none of the relative risks for the "1981-34" 
comparison had 95 percent confidence limits which did not include 1.0. 


Therefore, all "effects" may represent random variability. 
(h) Controls versus recent residents after the landfill closed 


Table 44 compares recent residents and controls including only events 
after the recent residents moved into the area, or after 1980 for the controls. 
This analysis looked for evidence of ongoing exposure after the site was 
closed and capped. None was seen for respiratory, skin, narcotic, or mood 
symptoms. There was borderline evidence of an increased incidence of red, 


itchy eyes. Because of multiple testing, the credibility of this observation is 
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reduced. There was also evidence of increased reports of five or more colds 
per year. But the credibility of this association was reduced by the evidence 
in Table 42 which shows that the increased reports of five or more colds per 
year occurred among the landfill residents after the site was closed, but not 


before. 


(i) Hypothesis-Generating Analyses 


Table 45 shows the three conditions which were identified for 
hypothesis generating. The only one which suggested evidence of an effect 
was "problems with resistance to disease or seem to get sick easily". 
Analysis showed that reports of this condition were highly correlated with 


"five or more colds per year" (x? = 129.8, p40.00001). 


(j) | Conditions Not Thought to be Related to Landfill Site Exposure 


Table 46 shows the nine child conditions which were not thought to be 
related to landfill site exposure. None of these were found in excess among 
the exposed residents. Several of the conditions had small numbers by the 
time pre-exposure events were eliminated. There were no other conditions 


on the questionnaire with sufficient numbers of events to warrant analysis. 
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4, Pregnancy Experience 


Tables 47 to 57 outline the pregnancy experience of exposed, control, 
mover, and recent resident women. Pregnancies were included if they 
terminated on or after the year of first residence in the house which qualified 
a woman for the study. Table 47 shows the year when each eligible 
pregnancy ended. For exposed, control, and mover pregnancies, 1976-80 was 
the most prevalent period of termination, followed by 1981-1984. Table 48 
gives the age of mothers at onset of pregnancy. The mode for exposed and 
controls was 25-29, followed by 30-34 and 20-24. A higher proportion of 
control women than exposed were 35 or over (10.4 percent and 4.4 percent, 


respectively). 


Table 49 summarizes the experience with medications, diseases, and 
chemical exposures during pregnancy. These are reviewed in detail in Tables 
50, 51 and 52 respectively. No differences are seen between exposed and 
controls in terms of overall presence or absence of one or more of each of 
these pregnancy risk factors. A trend to higher rates of diabetes among 
control women is noted. Table 53 also shows no differences in smoking and 


alcohol experience during pregnancy. 


Tables 54 to 57 show the results of pregnancy by several outcomes 
which might be related to environmental exposure. Table 54 shows that the 
distribution of live births, stillbirths, miscarriages, and abortions did not 
differ between groups. The trend was towards higher overall misadventure 
rates in the controls. Table 55 shows no trend toward lower birthweight 
among the exposed mothers, and Table 56 shows that most of the low 
birthweight babies in both exposed and control groups were also pre-term. 
Table 57 shows the site of each reported birth defect and the number of 
pregnancies resulting in birth defects. No unique or unusual pattern of birth 
defects was noted, and no increase in total birth defects was seen. Once 
again, the trend was toward an increased negative result in the controls. In 


summary, there was no evidence of relationship between residence adjacent 


to the landfill site and adverse pregnancy experience. 
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Table 47: Year Pregnancy Ended for All Eligible Pregnancies* 


Study Group . Year Pregnancy Ended Total 
LO 2-7) 76-80 81-84 Unknown 

Exposed 36 221 109 0 386 

Controls 79 160 105 2 346 

Vi overs 26 129 pul l 207 

Recent 0 3 36 3 42 

Totals 161 SES 301 6 981 


* Pregnancies were eligible if they terminated during or after the year of first residence 
in the house which qualified a woman for the study. 
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Table 48: Age of Mother at Time of Pregnancy 


is 


20 
20-24 
25-29 
30-34 
35-39 


40 


GROUPS 
Exposed Controls 

7. 1 

80 43 
188 161 

94 105 

i2 32 

5 4 
386 346 


Movers 


207 


Recent 
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Table 52: Chemical Exposure at Work During Pregnancy 


(a) 


(b) 


(c) 


(i) 


(j) 


(n) 


Chemical 


benzene 
chloroprene 
formaldehyde 
mercury 
polychlorinated 
biphenyls-PCB 
styrene 

toluene 

anaes thetic gases 
at work 

arsenic 

ethylene oxide 
lead fumes 
carbon monoxide 


vinyl chloride 


beryllium 


Response 


yes 
no 


yes 
no 


yes 
no 


yes 
no 


yes 
no 


yes 
no 


yes 
no 


yes 
no 


yes 
no 


yes 
no 


yes 
no 


yes 
no 


yes 
no 


yes 
no 


Groups 
Exposed Controls 
4 ik 
382 345 
4 | 
382 343 
3 re 
383 339 
3 6 
383 340 
0 1 
386 345 
0 l 
386 345 
4 2 
382 344 
0 fi 
386 339 
0 i 
386 345 
Z 5 
384 34] 
1 6 
385 340 
4 4 
382 307 
1 1 
385 345 
0 1 
386 345 
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= Medical Chart Abstraction Study 


Tables 58 to 63 summarize the results of the medical chart abstraction 
study, including evidence for reliability of the methods used. Table 58 shows 
the number of charts abstracted, and the very high completion rates 
achieved. A total of 340 adults and 207 children were reviewed for a total of 
3060 decisions among the adults (340 x 9 conditions) and 1035 decisions 
among the children (207 x 5 conditions). Inspection of Table 59 shows that a 
total of 2804 decisions about adults were analyzed (302 related to over- 
reporting, 2502 related to under-reporting), instead of 3060. For children, 
911 decisions were analyzed (181 over-reporting, 730 underreporting) instead 
of 1035. This exclusion of 8.4 percent of adult decisions and 12.0 percent of 
child decisions was based on an editing step which intervened between data- 
collection and analysis. The written description of information found on each 
chart was reviewed, and where the confirmation categories and methods 
artificially created over- or under-reporting errors, the decision was 
excluded. For example, many "under-reports" of "red, itchy, watery, sore, 
dry or inflamed eyes" resulted from individuals reporting "hayfever" on the 
questionnaire instead. When selected for medical chart abstraction, "red, 
itchy eyes" would be "confirmed", based on the descriptions of symptoms 
found by the abstractor. When this confirmation was merged with 
questionnaire data, no self-report of "red,itchy eyes" would be found, and the 
events would appear to be "under-reported". Therefore, such events were 


excluded from the analysis of medical chart abstraction data. 


Table 59 gives the summary tables for over- and under- reporting, 
listing adults and children separately. A simple x2 test of the difference in 
proportions was used to assess recall bias. No evidence of bias was seen in 
over- or under-reporting among adults. Among children, no evidence of bias 
was seen for over-reporting, but a trend toward an under-reporting bias was 
identified. Among exposed children, 16.5 percent of unreported conditions 
were confirmed or possibly confirmed. Among controls, 22.3 percent of 


unreported conditions were confirmed or possibly confirmed. 
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Table 58: Completion Rates for Chart Abstractions 
Sam pling Group 


Exposed Control Total 
Adult Child Adult Child 

A. Charts Assigned 232 hee 134 78 581 
B. Respondents with 

2 charts 8 3 ! 1 13 
C. Respondents assigned 

(A - B) 224 134 133 77 568 
D. Respondents NOT 

Completed 5 3 2 1 11 
E. Respondents Completed rae 18S H| Pot 76 Bey 
F. Completion Rate 

(E- C x 100) 97.8% 97.8% 98.5% 98.7% 98.1% 
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Tables 60 and 61 give the results of the reliability workshops which 
occurred before fieldwork began and after it was completed. The analysis of 
variance was based ona 10 abstractor by 46 decision table ( 4 adult charts x 9 
decisions plus 2 child charts x 5 conditions). Confirmations were scored "1", 
possible confirmations "2", and non-confirmations "3". Subanalyses were 
made on the adult data only. There were too few points to analyze the child 
data separately. The intraclass correlation?® was calculated according to the 
formula at the bottom of Table 60. Although there is no absolute scale for 
judging agreement, an intraclass correlation between 0.60 and 0.80 would 
indicate a moderately high level of inter-abstractor reliability. Comparison 
of Tables 60 and 61 show that the intra-class correlation stayed in that range 
during both workshops, although it dropped slightly from the first workshop to 


the second. 


Tables 62 and 63 explore intra-abstractor reliability by assessing the 
agreement between specific decisions made in each workshop. Table 62 
summarizes the overall test-retest reliability in a 3 x 3 contingency table. 
Overall agreement was 87 percent, and the unweighted Kappa2/ was 0.76 (95 
percent confidence limits .70 - .82). This represents a moderately high level 
of intra-abstractor agreement. Moreover, the proportion of "above diagonal" 
and "below diagonal" disagreements was similar. This suggests that there was 
no "learning effect" during the chart abstraction study which led to a 


systematic change in the way the abstractors made their decisions. 


Table 63 summarizes the test-retest reliability of each abstractor. 
Abstractor performance ranged from acceptable (K = .52) to excellent (I< = 
.96). In summary, the methods of medical chart abstraction appear to have a 
high level of intra- and inter- abstractor reliability. This lends credibility to 


the assessment of recall bias for which these methods were developed. 


124 


i=) 


‘Gite evine Pires ey oie wrig 12 Gra C hoe 
or 7 pits aw be *9914 bas rages iewbisil & 


‘ line 4 » prwmcg @4 44 Waesaareds 01 « 06 tenet 
- pike. Oaaiiees € © are ts the © alg eae 
‘ . - - amie joe (o? calseiings sh 
128 -a.00 6° s0) am? wwe @ne4! co aed Ieee of ne 


realy « a Ow adlete, eeoome wf? “lerewon wa0 
'_ —etnA’ Wu” & ola ee rm alamo} « 
‘- rT. @& i Ge ,Poneeoipe anigon| al 
a” Pr raw evamhom @ spaitab 7 

@e tomate entdaT to 
Q fle <@we Atet gatup 
dence oF 


a 


th 


x H° 2 eohagT 
Soete nec ye 
io we we émetmnriive 
‘ ‘ee reqmmews Ii syle 
Seg AOD He aa 
Son G& ei Sede-a iii, Ms 
ow eeih wold” tres 
"eile guivwnal™ ¢ 
ral 31} 
oA 
2 a CA a\idat 7 
waa 
7 Law vee) tiny wrarnias 
‘ 
rae. 


ve Te on wee va 

; 8 <@ fa lo isvst sgt 
= 
-le oe; be SSriiaee 


as 
a 


*#9L° 


x€L° 


UOT}EPAIIOD 


Sse Joes UI 


aol" 
FCC. 
rhe hk Ne 
69 1°S 


78) be 
ceo 
DOL: 
ZOI'9 


aazenbs uray 


SUOISIDSP UTY}IM SY) (SIOPeITSGY JO N 


1 


Se eR US Sits DUO p leah Taq iG G 2 40Uu Ne vont ae isce ion ilies 
Vv 


cle 
6 

nZE 

GE 


CCS 
66°1 
cns 
W16 


sasenbs Jo wns 


Tenp tsa y (q) 

sIOPRIYSqy uaaMmjag (e) 
SUOTSTD9Q UTYIT A 
SUOISID9G UsaMjag 


[UO suoHpUCD yNPy (q) 


Jenp tsa y (q) 
SIOJDEIJSqY Ud9M 49g (ke) 
SUO1STD9Q UTYIT A 

suo Is1daq UVaM19q 


UOT}ETIE A JO 9DINOS 


PaUTqUIOD SUOTPUOD PTO pue sINPy (P) 


(uedag 410M PJery a10joq) | doysys0 A 


Se Mpasojg UOTeIISGY FEYD TOPSW-Ar|Iqelje a JOWENSGYy-Usamyog :09 FIqe] 


125 


4 


oa a 
on how 


ext nel! * sie? be me? sitsie® w eoncet 
i ? 9 0 cow 


: 7. ——herO erg 
Tr oo teh ecr mh (e 

: ‘e sie ¢) 
Th! é / i 


7 com (8) 
m — = 


i 


: (a 


oo 


79° 


¢9° 


UOT}E [91107 
SSE TORI IUT 


T¢9° 
627°] 
6£2° 
SIN h 


ILL 
022°] 
CLG: 
T8E°s 


asenbs ueaw 


6S€ 1°99 | Jenp tsa-y (q) 

6 VT $10JDPI}SqYy UdaM jag (e) 
hE G°LZZ SUOISIDAG UII °Z 
SE 19CT suoIs}oaq UsaMjagq = °T 


UO SUCH |PudD yMPy (4) 


SOn 0°86 Jenp ise y (q) 

6 6°CI s10PRI}Sqy UsaMjag (P) 
hth 6°e TT SUOISMOQ UIA °Z 
Sh 1°22 SUOISID9G UseMIEq = *T 


Paulquic > suo PUD PID pue iMpy (e) 


Eta saaenbs Jo wing 


(Pay@[TWIOD Se A\ JOM Pld JF VW) Z Toysyi0 M 


Sa Mpao0ig UOTIEISGY FEYD POPoW-AI|IqelPu JOeNsqy-waeMyog *19 F1qeL 


ro 


a 
a 


094 


C82 


Th 


he | 


sTeqO] 


SjUdWIaIZeSIp ,JeEUOZeIP MOTaq,, JO UOMJOdoIg 
SjUdWIdIZESIP ,[eEUOseIP saoqge,, JO uoJOdoI1g 


100° (Z)d 9¢°0Z =(0 4)Z 
Z8°-0Z° =$619D 


paiysiam Styespenb 9/° = (pa1ysiamun) edde y 


%1°9 = 
%L°9 = 
T8* = 
98Z EZI 
oy . 
Pauls yuoD Pauls yuo D 
JON Alqissog pauls juoD 


Toys AV Puz 


%/} = JUaUBaIdY ,a0URUD,, 
%/8 = JUQUIBaIZY [[eI9AO 


Pas] FUoD 
JON 
Poysyso AA 3ST 
Paws] uD 
Ayqissod 


paws juoD 


Z doysy10 M YIM | doysyxsO A, JO UOSTIeEdWOD :s10}DeILSqY [TV 


SUOTESGY WeYD feojpou jo Azipqerpou IseIUaAseL 279 e1qGeL 


Oe 


- — — 


- Eqatedw's he | Gelade 


=e 


- geotntea 8 bith 7 


a > shaw? ; ea) +e q 4 8an 
beery FT oar ¥ 
———————— =e ay anon _ ‘ all _ 
. —— 
7 | 
2 i ' 
— 


~~ 
~ hae & 


JEAIDJUT SOUSPTJUOD - *[°D y 


T00°> cel 86°-0Z° 8° %S h %16 OT 
T00°> 2°38 0°1-88° 96° %6 th %86 6 
100°> 1°9 $8°-06° 69° % Hh %€8 °g 
100°> "9 €3°-¢h" 9° %9h %08 7 
100° 6° OsT-13" €6° %Z tH %E6 *9 
100°> Gy RS Wh Ce: %Th %16 *¢ 
100°> Sc 68°-6t° 69° %S th %EB *h 
100°> fh EB°=CC hS° %ZZ %8 "€ 
100° C*h 9/°-8Z° z¢° %6S ; %08 ee 
100°> 9°9 1O°-CC: CL %EH %8 is 
(p21y3 ta MUN) eee ee 
(z)d (0 4)Z * TD %S6 (4)eddey JUIWIIID YY BDURYD JUIWIIIIBY [TLIVAO J0JDeILSGY 


Z doysy10 M YT JT doysyso 4 Jo uostTIedwoD :ssOJeIYSqY JeNpIA pu] Ag 


SUOTIDENSGY WeYD [PopoW JO AMPqelPEU wseIP UAL 269 B92 1 


oe 


© godahoW vilw | qoflshoW 26 nealeqmod. mwloeratA fasbie hint yo 
| 


thetry erm! 


6. Current Health Status 


Table 64 through 68 relate to the current prevalence of various health 
problems amongst the exposed group and controls. These analyses were 
carried out to fulfill objective three of this study, identified in the 
introduction of this report: to assess whether or not any health problems 
found in excess amongst the exposed residents would be likely to continue to 


affect their wellbeing over time. 


Table 64 shows the current prevalence of the health problems found in 
the main analysis in Table 14 grouped by organ system. The events included 
in the main analysis have been divided between those where the study 
respondent reported still having the condition at time of interview and those 
where they reported no longer having the condition. The data in this table 


can be used to answer two questions. 


1. Have the health conditions which began after the first residence 
in the exposed or control community persisted to a greater extent 


amongst the exposed residents than the controls? 


2. Is the current prevalence of the health problems of interest 


greater amongst the exposed group than the controls? 


The former question can be answered simply by comparing the proportion of 
residents in each study group who reported still having the condition versus 
those no longer having the condition. The latter question can be answered by 
comparing proportions of those reporting still having the condition with the 
combination of those who never had the condition and those who had it but 
did not still have it at the time of interview. Table 64 shows that the 
proportion of exposed adults reporting still having a condition is higher than 
the controls for the respiratory group only. No differences in the rates of 


persistence were noted for skin, narcotic, or mood conditions. On the other 
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hand, the current prevalence of the conditions of interest was increased 


amongst exposed adults for all four organ system groups of conditions. 


The same analysis was carried out on the individual conditions 
contributing to the organ system groups. This included all individual 
conditions where the p (relative risk) was less than or equal to .01. In each 
case, a Current prevalence of the condition was greater amongst the exposed 
than the controls. This was also true for "red, itchy eyes" which is listed in 
Table 65. Once again, there was little evidence of a higher rate of 
persistence of individual conditions amongst the exposed residents. The only 
individual condition for which increased persistence was noted was for "cough 


and phlegm". 


Tables 66 and 67 present parallel analyses to those in Table 64 and 65, 
only related to children. On Table 66, evidence of increased persistence 
among exposed children is confined to the respiratory group. Yet all four 
organ system groups show an increased current prevalence among the 
exposed. Table 67 shows the individual contributing conditions in a manner 
similar to Table 65 for adults. Evidence of increased persistence of an 
individual condition amongst exposed children is found only for "five or more 
colds per year". An increased current prevalence is noted for all conditions 


except "recurrent or severe problems with boils, warts, cysts". 


The results of the Canada Health Survey items are presented in Table 
68 as a check on overall health status. These questions assess the current 
prevalence of a broad range of long term health problems not necessarily 
related to environmental exposures. All Canada Health Survey rubrics were 
used precisely the same way as the Canada Health Survey itself. Table 63 
presents the 14 conditions for which sufficient data were available for 
analysis for either adults or children. In general, the data do not show major 
differences between the exposed and control groups for either adults or 
children. The differences found in the main analyses related to narcotic 


symptoms are reflected in the rubric "recurrent migraine headaches" among 
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adults. There are no differences among the majority of other chronic 
diseases listed. The only unexpected difference was in relation to "serious 
trouble with bones and joints" among adults. This difference is unexpected 
and unexplainable on the basis of landfill site exposure. It may represent a 


random false positive. 


In summary, the conditions found in excess amongst the exposed 
residents were still found in excess at time of interview. However, the rate 
of persistence of these conditions was no greater among exposed than 
controls for 3 of the 4 main organ system groups. It is likely that the rate of 
persistence of the conditions found in excess during exposure to the landfill 


site will continue to diminish with time. 
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VI. DISCUSSION 


Tables 69 and 71 summarize the results of hypothesis testing for adults and 
children, respectively. Tables 70 and 72 are guides to the sources of information 


found in the summary tables. 


Table 69 identifies nine criteria for assessing the validity of the association 
between landfill site exposure and the conditions of interest, based on the following 
parameters: strength of association, consistency with the workers study, gradient, 
lack of migrator bias, risk occurring first when site was open, no evidence that less 
healthy people moved to the landfill area, specificity, and absence of recall! bias. 
These latter two criteria apply generally to all conditions rather than to each 
condition individually. Specificity was assessed by looking for associations between 
landfill exposure and conditions not believed to be related to an environmental 
exposure. The investigation of recall bias was based on comparisons of 
questionnaire responses with medical records, according to defined categories of 
confirmation and non-confirmation. Strength of association was determined by the 
magnitude of relative risk, and the level of statistical significance of the findings. 
Migrator bias was assessed by comparing health events among movers versus non- 
movers separately for those events occurring before the landfill site closed and 
then after it closed. Inspection of Table 69 shows that all criteria were completely 
fulfilled by the "combined narcotic" group of conditions. "Red, itchy eyes" 
fulfilled the fewest criteria, while the respiratory, skin, and mood conditions 
fulfilled most criteria. These results imply that the evidence of a cause and effect 
relationship between landfill site exposure and the narcotic conditions was 


greatest, followed by respiratory, skin, and mood conditions. Evidence of causation 


was weakest for "red, itchy eyes". 


The evidence relating to children is summarized in Table 71. The same 
criteria were used, except for "consistency with the workers study" which was 
omitted. This omission was made because age is a powerful predictor of health 


status. Therefore, an absence of consistency between adults and children would 
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Table 69: Summary of the Results of Hypothesis Testing - Adults 


Criteria for Assessing the Association Condition 
Resp. Skin Mood Narc. Red,Itchy Eyes 
1. Was the relative risk on the main analysis greater Yes Yes Yes Yes Yes 
than 1.5? 
Was it greater than 2.0? No No No Yes No 


2. Was the probability value for the relative risk in the main 


analysis less than 0.01? Yes Yes Yes Yes Yes 
Was it less than 0.001? Yes Yes Yes Yes No 
3. Were these results consistent with the workers study? Yes Yes Yes Yes No 


4, Was there a monotonic gradient of risk comparing residents 
within 500 metres of the site, those further away, and 


controls? Yes Yes Yes Yes Yes 
Was the gradient found primarily among long-term 

residents? Yes. “Yes Ses © Ves Yes 
Was there a gradient within the exposed group only, 
"among !ong-term residents? Yes No? Yes “Yes Yes 


i —————————————— 


5. Was there evidence that migrator bias might explain 
the differences between exposed and controls on the 
main analyses? No No No No No 


 —————————— 
6. Did the landfill site attract people who were less 
healthy than controls with respect to this condition? No No No No No 


To  —— 


7. Had the risk developed before the landfill site 
was closed? Yes Yes Yes Yes Yes 


8. Wereincreased risks among exposed residents 
confined to the conditions hypothesized? No general trend to increased risks 


among nor-hypothesized conditions, but 
there were a few associations. 


9. Was there any evidence of over-reporting or 


under-reporting recall bias on medical chart 
abstraction? There was no evidence of over- or 


under-reporting recall! bias. 


i 
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Table 70: Guide to the Tables Summarized in Table 69 


Criteria for Causation Tables 
l. and 2. Table 14 (page 61) 
Table 23 (page 74) 
3: . Table | (page 10) 
4, Table 16 (page 64) 


Table 17 (page 65) 
Table 18 (page 66) 
Table 19 (page 68) 
Table 24 (page 75) 


Ds Table 26 (page 79) 

6. Table 22 (page 73) 
Table 24 (page 75) 

7. Table 25 (page 77) 

8. Table 29 (pages 83 & 84) 

2: Table 59 (page 123) 


Lag 


*yuBoTypUusts ATpeonsyyEys JON 
*PyMo pasodxa duowe dunjodas-sapun jo sajze4 JaMO] 


pue suo]}ipuod payjodas yo 8unsodai-13A0 0} puary SUOT}IEIYSGe J TeYD ed|Paw uo seyq Jfedas BuNodas 


-Japun 10 Bun I0daj-19A0 Jo adUAaPJAa Aue didy} SEM °8 


*SUOT} IPUOD paz sayyod Ay 


-~uou SUOWE PUNO} 319M SHSTJ paseaDul ON iPaztsayyodAy suoy puco ay} 0} 


Poul JUOD Syuap sas pasodxa Buowe sysjj paseaiouy slay = *Z 


ON Sok SQXh Sak sah say Upasop sem 
27]S [[Jpuey ay} o10Jaq padoyanap ysy1 aYYpeH °9 
Sah ON ON ON ON ON uON Ppuod 
Sty? 03 yadse7 YIM SpoIzUOD UeYY AU BaYy 
SSd] d3aM OYM afdoad 4DeIzYe D]IS | ypueyaeyypiq °¢ 
ON ON ON ON ON ON estsAyeue uyew ayy 
UO $]JO1qUOO pue pasodxa UaaMjoq SaDUa BJF IP By} 
uyedxa yysyw seiq 2OxeIBypW yeYY BOUAPJAa diay} SEM =H 
-- ON ON ON ON ON g8quap |saJ wi1a}-3uo] Buowe ‘{Tuo 
dnoi3 pasodxa ayy UyYyy{M yUaIpesd e asayy se M 
ON ON SQX SX S9AX sax éSjUap sad WiJa} 
-Suo] Buowe Attrewyid punoy quapesd ayy se A 
sah sa S9X ON SeX ON {5j01qU0D pue ‘ABME J9YyIIMy 
asoyy fA1]S ay} JO SA1JDW QOS UPYIIM SJUapP sal 
Buyreduiod y$]4 JO JuaPpesd DfuoJOUOW e asayy SEA °E 
ON sak SQL Sa sax ON LTOO°O UEYI SSOT IT SEM 
sak sak S9Qh Sax sax ON Z70°O UeYI Ssoy sIshfeue UfewW ay} Ut 
. HSI DAIJEJas ayy JOJ anypea AyyJIqeqoud ayy sem —°Z 
ON 7 Sah sak sak ON ON 20°Z UBY} 1938943 47 Se A 
sah SOK Sah Sak sax ON is’y ueyy 
Jaye313 sysXeue UseU ay} UO ASTI BANVeTAI ayy seM = *T 
SPIOD 46 saha Ayo} pay ‘DIeEN poow ulys “dsay 


uo}} puosD UOTIEPOsSsSY oy} Burssassy JOJ &yI3}z 11D 


ie ten teiae enucoq~qm ao mraaF asses Tek wTweeeetaama?® @eFs *F7TFIS? 


140 


it? nek 
= 


$$ — Ae 
a a @ ww ~~ ©. a = i 
7 ‘tine1y clever piew vali om es oy tates ie 


A anti 
TOF es Ay wadepeg of co W = 


= ey 22 ? = = U a “ \ . 
av oY » q ¢ t 
s 
cS i 
‘ 
ass ; 
7 ee 
. 
io] 


Table 72: Guide to the Tables Summarized in Table 71. 
Criteria for Assessing the Association T ables 


1. and 2. Table 30 (page 86) 
Table 39 (page 98) 


Be Table 32 (page 89) 
. Table 33 (page 90) 

Table 34 (page 91) 

Table 35 (page 92) 

Table 40 (page 99) 

Table 41 (page 101) 


4. Table 43 (page 104) 
De Table 38 (page 96) 


Table 40 (page 99) 
Table 4] (page 101): 


6. Table 42 (page 102) 
ids Table 46 (page 108) 
8. Table 59 (page 123) 
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not have been a meaningful negative result. Once again, the evidence among the 
narcotic conditions is strongest. The quality of evidence relating to skin 
conditions, mood conditions, and "red, itchy eyes" was intermediate. The quality of 
evidence relating to respiratory conditions and "5 or more colds per year" was poor. 
Evidence of a valid association between landfill site exposure and respiratory 
conditions was only found on sub-analyses and not on the main analysis. Evidence 
that "five or more colds per year" was associated with landfill site exposure 
primarily related to the time after the site had been capped. Therefore, these 
latter two conditions do not appear to be related to landfill site exposure among 
children. 


The strength of the evidence for valid associations between residence 
adjacent to the landfill site and conditions identified in Tables 69 and 71 is reduced 
by three principal problems. These are: the high refusal rate among the control 
population; socioeconomic status differences between the study groups; and the 
fact that the conditions found in excess are imprecisely defined and potentially 
interchangeable with other conditions. Offsetting these problems are the multiple 
criteria used to assess the hypotheses which were identified and evaluated 


according to preset rules. 


In summary, the association between residence adjacent to the landfill site 
and an increased incidence of certain "narcotic", "mood", "skin", and "respiratory" 
conditions among adults appears to be valid. The evidence related to "red, itchy 
eyes" is less strong but cannot be ruled out. Among children, a valid association 
can be asserted ‘for "narcotic", "skin", "mood", and "red, itchy eyes". The problem, 
however, is that the causative agent or agents have not been identified. Two 


competing causes may be proposed: 


1. some airborne contact with a combination of vapours, fumes, and particulate 
matter emanating from the landfill site, and with direct skin exposure from 


recreational activities in and around the landfill. 


142 


ee ail 


of) guums osestea ate rings 
—ie of Roce: snatier & ¥ 
& 74a@® «* wmilcnrem fav 
wa as UG OC am) Co wt 
niger *OYy. osama ea ee ae 
o——tn® epyiiaag =n 2 io roo tne eee daiieten me brent ¥ ie 
speeye> be ' (ian \o tomer «ae “waey cap eblon som! 30 
or eer! Seege aciee Gert Mit ee tle oO om OF sede 
Wace” wipe Lh dlontl she ab 0s eens to bi] 


7 es 
iiceag 


; - 
Se ee ee Male RN CNR Sa gg SE 
nets 0 amr 11 Gh) a tibNS) 6ep oem Witneas welt or: sone Lie 
- © we) Qe a @w cee? anion lantoning 
» * 1" CRANK Wer? “Vemngpelecte. 


- » SaeG : “© ree of Sam! qmpiabnnD ad ts 
> ® > g@rresht) ahaa: eee Clipe ele 
=a? 6k Vet CF 


>e =e) Guilssames. OF 
=’ ae <= + eowheee f 


= 0 Ae 04 a Pune 
a 


the perception of exposure and, therefore, of risk may have led to an 
increased tendency on the part of exposed residents to notice new health 
problems, become concerned about them and subsequently report them in a 


health survey.. 


The evidence from this study permits an indirect assessment of which causal 


mechanism applies. There are six lines of reasoning which suggest a chemical 


mechanism: 


1. 


Se 


The gradient of risk by proximity to the landfill site would be difficult to 
explain on the basis of perception of risk alone. While perception of risk may 
be directly related to proximity to the landfill, it is difficult to believe that 
the relationship could be precise enough to explain to gradient by house 
distance from the landfill and the fact that the gradient effect involved only 


long-term residents among the adults. 


The symptoms and the organ-systems affected were biologically plausible on 
the basis of exposure to substances known to be present in the landfill. It is 
difficult to explain how a perceptual mechanism could have selected for 
those conditions which could also be related to environmental exposure 
without including more of the other conditions on the questionnaire which 


could not be plausibly related to environmental exposure. 


The consistency of symptoms between workers and residents was remarkable, 
considering the lack of contact between them and the differing attitudes to 


the potential for risk expressed by members of the two groups. 


Despite the fact that a previous health survey of a minority of residents was 
conducted by the residents themselves, and the results published, the 
conditions found in excess in our study did not confirm their results. Had our 
study confirmed the previous study's results, the most likely explanation 
would have been that the residents had learned the symptoms through 
publicity. Rather, the conditions found in excess in our study were largely 
unrelated to those found in excess on the residents! original survey. 
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Were there to have been a significant perceptual component to the 
associations found in our study, this ought to have been reflected in evidence 


of recall bias on medical chart abstraction. This was not the case. 


Tables 64 through 67 demonstrate that, in general, the conditions which 
developed during the period when the landfill was open are disappearing at a 
similar rate among exposed residents and controls. Moreover, there was no 
evidence of greater levels of respiratory disability among the exposed 
residents despite increased reports if respiratory symptoms. These findings 
are not characteristic of a learned illness behaviour, wherein it would be 
expected that increased chronicity and disability would accompany 


symptoms.28 


In addition, there are four lines of reasoning which strengthen the case for a 


perceptual mechanism. 


hk. 


There has never been any evidence presented which shows that residents or 
workers were exposed to airborne concentrations of the substances of 
interest sufficient to cause the health problems found in excess in this study. 
Since nuisance odours were and are still a frequent problem in the area, there 
is a basis to assume that perception of exposure, rather than exposure as 


such, was the principal causative factor. 


The health problems found in excess in this study can all be well explained by 
behavioural mechanisms. None uniquely requires chemical exposure and 


none is based on evidence of human tissue damage. 


The same objections which were raised regarding the validity of the 
association between landfill site exposure and the health pi oblems of interest 
can also be raised as issues in causation. In particular, the socioeconomic 
status differences between groups and the unblinded study design may 
influence perceptual and behavioural factors that affect one's experience and 


recall of symptoms. Review of medical records would not necessarily be able 
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to detect such an effect, assuming that individuals did in fact seek medical 


assistance for their identified health problems. 


4, The analyses relating to migrator bias did demonstrate that non-migrators 
tended to have higher rates of first onset of health problems than migrators, 
after the landfill had been closed. Three hypotheses were advanced to 
explain this observation in section V2(g) and V3(g) of this report. One 
hypothesis suggested that location of residence (and thus, perception of 
exposure) is the crucial determining factor, and not exposure to vapours, 


fumes, and dusts. 


While some of the lines of reasoning presented in favour of each causal 
mechanism are speculative, those in support of a chemical mechanism are based on 
the fulfillment of preset analytic criteria for the study, which could just as easily 
have gone unfulfilled. However, examples exist where residents exposed to 
environmental chemical contamination repprted excess symptoms in a way which 
would have appeared to point to the contamination as a cause; only to find that the 
original evidence of environmental contamination was incorrect, and had not 
occurred.2! On the other hand, the first and second arguments for a perceptual 
mechanism are based on inherent limitations of the study which could not have 
been overcome by any changes in study design. The fourth argument for a 
perceptual mechanism is based on the last four years of a survival analysis, 
excluding the first nine years. The simplest explanation for the results so obtained 
would be a survival effect, and not a phenomenon regarding perception of exposure. 
In the end, the strongest argument for a perceptual mechanism is the familiar 
evidence that psychological distress is an important correlate of perceived health 
status.22 The authors of this report believe that the lines of reasoning suppor ting 
chemical causation are more convincing than those which support a perceptual 
mechanism. It is recognized that both mechanisms could variously contribute to 
each group of reported symptoms to a different degree, but the nature of such 


relationships is purely a matter of speculation. 
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This study did not produce any evidence of_adverse reproductive outcomes 
related to exposure to the landfill site. This is a very significant negative finding 
which should provide substantial re-assurance. There was no evidence of increases 
in major chronic diseases among exposed residents. The question of increased 
cancer risks cannot be addressed by this study because a sufficient follow-up period 
has not occurred between the time of first residence (1972) and the study date 
(1984). In order to answer this question it would require following up the cohort of 
exposed residents over the next 10-20 years to assess their cancer experience 


through incidence and mortality registries. 
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APPENDIX 


Results of Health Study 


done by 


Upper Ottawa Street 


Residents' Association 


November, 1979 


November 16, 1979. 


ANALYSIS OF DATA: 


UPPER OTTAWA DUMP AREA VS CONTROL SURVEY 


1. Raw Counts: 24 Signs, Symptoms, or Diseases. 


Rules of Acceptance of Counts: 


1. All reports counted, whether they are described as being before 
current residence or not. 


2. When individuals in a family were listed as having the condition, 
each was counted. An unqualified ''yes'' answer was taken as one 
count (report). 


3. All obvious misdiagnoses excluded. 


CONTROL SURVEY DUMP SURVEY 
Total residents: 134 ( Soetalt residents: 12/7 
|. Skin nash 13 29 
2. Asthma 7 Saf 
3. Bronchitis 5 8 
4, Emphysema 0 0 
5. Frequent Colds 9 a2 
6. Kidney Problems | g 
7. Freq. Bladder Inf. ii 1] 
8. Nervous Breakdown 0 2 
9. Hyperactivity 0 ] 
10.. Freq. Sore Throat 4 55 
Total residents: 128 (1 family Total residents: 127 
not included) 
hie Ep clensy 0 Z 
12. Migraines 8 4 
13. Other Headaches (freq) 3 30 
14. Nervousness 7 19 
15. Mental Retardation 0 0 
16. Heart Problems | | 
1y>- Arthritis 8 8 
18. Bone Problems l 0 
19. Paget's Disease 0 0 
20. Gall Bladder l ] 
21 Cancer 0 0 
22. Bleeding 4 20 
23. Freq. Earaches 3 “ 
l 


24. Hearing Loss 


On the basis of these crude rates, certain conditions will be excluded 
from further analysis: 
Emphysema Mental Retardation Cancer 


Nervous Breakdown Bone Problems Hearing loss 
Hyperactivity Heart Problems Epilepsy 


Gall Bladder Disease 
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Among the remainder, several conditions have similar crude counts 
between the Upper Ottawa Dump Survey and the Control Survey, or else 
appear more commonly in the Control] Survey. These include: 


1. Asthma 2. BrOncni ces 
3. Migraines 4. Arthritis 


These will be divided by report of history prior to residence in survey 
and where applicable, by crude age [''adult!' vs "'child!']. 


1}. Asthma: Upper Ottawa 
Control Survey Dump Survey 
% Adults with complaint 1.5% (2) WeG% (2) 
% Children with complaint 3.72 5) 3.9% (5) 
% with complaint previous to 
current residence Re a Ga) oleae 
% with no history of complaint 
before current residence She CS) Bote 3) 


Zo Bronchitis: 


% adults with complaint B0% (4) 3.9% (5) 
% Children with Complaint Or72. ly Dee 3)) 
% with complaint previous to 
current residence Fe 3 Sigs (5) 3.1% (4) 
% with no history of complaint 
before current residence WS ce) 3.1% (4) 
So) Migraines: 
% with complaint before 
current residence 0.82 (1) 0.82 (1) 
% with no history of complaint 
before current residence 5.5% (7) 24% (3) 
Hee AGN Crs: 
% with complaint before 
current residence 5.5% (7) nee k2) 
% with no history of complaint 
before current residence 0.8% (1) koe (6) 


Conclusions: In the case of asthma, bronchitis, and migraines no 


obvious differences in the ''control"’ and "dump'' surveys exist. In view 
of the very small numbers involved, these will be discarded from further 
analysis. 


In the case of "'arthritis'’ there appears to be a difference in the rates 
before and subsequent to current residence. However, the diagnostic 
standard for arthritis was very poor: including aches and pains, gout, 
muscle cramps, etc. This was particularly evident in the responses from 
the Upper Ottawa Survey. for this reason it too should be excluded from 


further analysis. 
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This leaves 9 conditions for detailed analysis. 


Condition Crude Relative Risk 
1. Skin Rash ye 
2. Frequent Colds oye: 
3. Kidney Problems , "i 11.6) : . 
4. Frequent Bladder Infections Enea ea 1.66 Comb ined*2. 6% 
S. Frequent Sore Throats 14.5) 
6. Other headaches, frequent 10.01 
7. Nervousness PP hes 
8. Bleeding 5.04 
ok Sie 


— 


Frequent Earaches 


ste 
rad 


These two values were combined because the written comments on the 
questionnaire forms indicates some confusion between them. 


Summary: Without further analysis (which in view of the limitations 
of the data-collection method would be uncalled-for) it appears that 
complaints of earaches, sore throats and headaches are more frequent 
among the residents interviewed in the Upper Ottawa Dump Survey, when 
compared to those interviewed in the Control Survey. 
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Aliphatic alcohols 


Alkyl benzenes 

Alkyl ketones 

Alkyl phenols 

Aniline 

Aromatic acids 

Benzene 

Benzothiazole 

Carboxylic acids 

Cresols ' 

1,4 Dichl'oro- 
benzene 

1,2 Dichloro- 
ethene 

Dichloromethane 

1,4-Dioxane 

PAHs 

PCBs 

Phenol 

Phthalate ester: 


[Di (2-ethylhexy] }) 


Phthalate esters 
(other) 
Tetrachloroethene 
Tetrahydrofuran 
Trichloroethene 


Aluminum 
Chromium 
Copper 
Tron 

Lead 
Manganese 
Nickel 
Zinc 
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Parentheses () indicate that no data were 


Blood cell disorders 
Methemoglobinemia 
Immunological effects 
Spleen damage 

Thymus damage 
Gastrointestinal effects 
Pancreatic damage 
Endocrine disorders 
Bone disorders 
Reproductive effects 
Embryotoxicity 
Teratogenicity 


Mutagenicity 
Carcinogenicity 
Tumor promotion 


+ 
++ ++ 


+ 
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+ 
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+ + 
+ 


++ 


+ 


found for the particular chemical, but closely related chemicals 


have the effect noted. A question mark (?) indicates that the evidencc for a particular effect is not conclusive. 


Where classes of chemicals are indicated, 


not all members of the class cause all the effects noted. 
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